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Executive Sunmary

| nt roducti on

This report sunmari zes key fuel econony and technol ogy usage
trends related to nodel year 1975 through 2000 |ight vehicles
sold in the United States. Light vehicles include those vehicles
that EPA and the U. S. Departnent of Transportation (DOT) classify
as cars or light-duty trucks (sport utility vehicles, vans, and
pi ckup trucks with | ess than 8,500 pounds gross vehicl e wei ght
ratings). The report finds that since 1988 average new | i ght
vehi cl e fuel econony has declined 1.9 mles per gallon (npg),
i.e., nore than seven percent, primarily because |ight truck
mar ket share has increased and because fuel econony has been
traded off for increased vehicle weight and perfornmance.

The fuel econony values in this report are | aboratory data
and are significantly higher than the real world estimates used
on new vehicle labels and in the Fuel Econony Cuide. The fuel
econony values in this report are simlar to those used by the
DOT for conpliance with fuel econony standards, but because the
values in this report exclude correction factors for alternative
fuel capability and test procedure adjustnents, they are al ways
| ower than those reported by DOT.

| nportance of Fuel Econony

Since the early 1970s, EPA has issued reports that sunmarize
new | ight vehicle fuel econony data. Fuel econony continues to
be a nmajor area of public and policy interest for several
reasons, including:

(1) Fuel econony is directly related to carbon di oxide
em ssions, the nost preval ent pollutant associ ated
wi th gl obal warm ng. Light vehicles contribute about
20% of all U.S. carbon di oxi de em ssions.

(2) Light vehicles account for approxi mately 40% of al
U.S. oil consunption. Crude oil, fromwhich nearly
all light vehicle fuels are made, is considered to
be a finite natural resource.

(3) Fuel econony is directly related to the cost of fueling
a vehicle and is of greater interest when oil and
gasoline prices rise, as has happened recently.



Hi ghl i ght #1: Fuel Econony Renmains at a 20 Year Low

There has been an overall declining trend in Iight vehicle
fuel econony since 1988. The average fuel econony for all nodel
year 2000 light vehicles is now 24.0 npg, the sane* as in 1999,
and is as low as it has been at any tine since 1980. This val ue
is nmore than 1.9 npg (about seven percent) |ower than the peak
val ue of 25.9 npg achieved in 1987 and 1988. Wthin the |ight
vehicl e category for nodel year 2000, average fuel econony is
28.1 npg for passenger cars and 20.5 npg for light trucks.

Al'l of the fleet-wide inprovenent in new |ight vehicle fue
econony occurred fromthe mddle 1970s through the | ate 1980s,
but it has been consistently falling since then. Viewed
separately, the average fuel econony for new cars has been
essentially flat over the last 15 years, varying only from27.6
npg to 28.6 npg. Simlarly, the average fuel econony for new
l'ight trucks has been | argely unchanged for the past 20 years,
ranging from20.1 npg to 21.6 npg. The increasing market share
of light trucks, which have | ower average fuel econony than cars,
accounts for nmuch of the decline in fuel econony of the overal
new | ight vehicle fleet.

Fuel Economy by Model Year
0 Average MPG

Both

Trucks |
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* Note the data for nodel years 1998 and 1999 in this report have
been revised since the previous paper in this series was issued.



Hi ghl i ght #2: Trucks Represent Nearly Half of New Vehicle Sal es

Sal es of light trucks, which include sport utility vehicles
(SUVvs), vans, and pickup trucks, have risen steadily for over 20
years and now nake up 46% of the U S. |ight vehicle market—nore
than twice their narket share as recently as 1983.

Gowth in the light truck market has been | ed recently by
t he expl osive popularity of SUVs. SUV sal es have increased by
nore than a factor of ten fromless than 190,000 in 1975 (| ess
than 2% of the overall new Iight vehicle market) to over 3.2
mllion in 2000 (20% of the market). Over the sane period, the
mar ket share for vans doubled from4.5 to 9% and for pickup
trucks, grew from13 to 17% Between 1975 and 2000, narket share
for new passenger cars and wagons decreased from8l to 54% EPA
estimates that the new light trucks sold in 2000 will consune,
over their lifetimes, about 56% of the fuel used by all of the
new | ight vehicles sold in 2000. For nodel year 2000, cars
average 28.1 npg, vans 22.5, pickups 20.1 and SUvs 20.0.

Sales Fraction by Vehicle Type
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Hi ghl i ght #3: Fuel Econony is Being Traded for Wi ght and Power

More efficient technol ogies continue to enter the new |ight
vehicle fleet and are being used to increase |ight vehicle weight
and accel eration rather than fuel econony. This year’s |ight
vehicles will have about the sanme average fuel econony as those
built in nodel year 1981. Based on accepted engi neering
rel ati onshi ps, however, had the new 2000 |ight vehicle fleet had
t he sanme average wei ght and performance as in 1981, it could have
achi eved 25% hi gher fuel econony.

More efficient technol ogi es-—such as engines with nore
val ves and nore sophisticated fuel injection systens, and
transm ssions with | ockup torque convertors and extra gears—-
continue to penetrate the new |light vehicle fleet. The trend has
clearly been to apply these new technol ogies to increase average
new vehicl e wei ght, power, and performance whil e maintaining fuel
econony constant. This is reflected by heavier average vehicle
wei ght (up 21% since 1981, up 1% since 1999), rising average
hor sepower (up 79% si nce 1981, up 3% since 1999), and lower O to
60 m | e-per-hour acceleration time (26% faster since 1981, 2%
faster since 1999).

Percent Change from 1981 to 2000
in Average Vehicle Characteristics

100%

] | Percent Change
75% —|E& Increase
Decrease
50% - -

25% - -

-50% - } | | |
Fuel Economy Weight (Ibs) Horsepower O to 60 Time (sec)
-0.4% +21% +79% -26%




Hi ghlight #4: Ford and General Mtors are Pledging to |Increase
Fuel Econony

Ford Motor Conpany recently pledged to increase the fuel
econony of its entire line of sport utility vehicle sales by 25
percent by the 2005 nodel year. General Mtors pledged to renmain
the truck fuel econony leader. [f all manufacturers were to
voluntarily increase the average fuel econony of their entire
light vehicle fleets by 25 percent by 2005, average new | i ght
vehi cl e fuel econony would increase from24 npg to 30 npg.

Ford's pledge would result in an increase in the | aboratory
fuel econony of Ford’ s SUVs from about 18 npg to about 23 npg.
CGeneral Mdtors, whose SUVs average around 19 npg, pledged to
remain the truck fuel econony | eader.

If all manufacturers chose to match Ford’s commtnent to
i ncrease SUWV fuel econony by 25 percent by 2005, then average SW
fuel econonmy would increase from 20.0 npg to 25.0 npg, and
overall light vehicle fuel econony would increase from24.0 npg
to 25.2 npg. Further, if all manufacturers chose to voluntarily
i ncrease the average fuel econony of all of their Iight vehicles
by 25 percent, then the average fleetw de fuel econony would rise
from24.0 npg to 30.0 npg.

Effect if Fuel Economy is Improved 25% by 2005
MPG
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Hi ghli ght #5: The Honda |Insight Hybrid is the Mst Fuel
Efficient US. Vehicle Since 1975

The nodel year 2000 Honda I nsight two-seater is the nost
fuel efficient vehicle sold in the United States since 1975 and
| i kely the nost fuel efficient vehicle ever sold in the U S
mar ket .

A maj or devel opnent in nodel year 2000 was the introduction
of a gasoline/battery hybrid vehicle. The Honda Insight is the
first hybrid car ever sold in the U S market. It has a manual
transm ssion and its drivetrain includes a gasoline-fuel ed
engine, a battery used for traction, a regenerative braking
system and an electric notor/generator. The two-seater |nsight
has a | aboratory fuel econony rating of 76.3 npg, and Fuel
Econony Cui de/l abel ratings of 61 npg city and 70 npg hi ghway.

The Insight’s | aboratory fuel econony value is about 9 npg
hi gher than the second nost fuel efficient vehicle sold in the
United States since 1975, a 1986 Geo Sprint mni-conpact. The
I nsight’s fuel econony is also about 25 npg hi gher than that for
t he next nost efficient nodel year 2000 vehicles, the Vol kswagen
Beetl e/ Gol f/ Jetta diesels and a gasol i ne-powered Chevrol et Metro.
Like the Insight, all of these values are for nodels equi pped
wi th manual transm ssions. The introduction of the Insight may
be the start of a trend towards increasing use of hybrid vehicle
technol ogy. For nodel year 2001, Toyota is introducing in the
U S market a hybrid vehicle, the Prius. This conpact car has a
| aboratory fuel econony rating of 57.6 npg, and Fuel Econony
Gui del | abel ratings of 52 npg city and 45 npg hi ghway.

Comparison of the Honda Insight with
Other High Fuel Economy Vehicles

MY2000 Average Small Car

MY2000 Chevrolet Metro

MY2000 VW Diesels

MY1986 Geo Sprint

MY2000 Honda Insight

Miles per Gallon (MPG)

Vi




l. | ntr oducti on

Li ght-duty autonotive technol ogy and fuel econony trends are
exam ned herein, as in preceding papers in this series [1-27],
using the latest and nost conpl ete EPA data avail able. The source
dat abase was frozen in January 2000.

Through nodel year 1998, the fuel econony and vehicle sales
data used for this report were obtained fromthe nost conplete
dat abases used for corporate average fuel econony standards and
“gas guzzler” conpliance purposes. For all practical purposes,

t hese dat abases are stable and are not expected to change in the
future. For nodel years 1999 and 2000, the fuel econony and sal es
data used for this report were extracted fromthe database used
for the federal governnent's fuel econony public information
programnms: the Fuel Econony Guide and the npg | abels that are

pl aced on new vehicles. The vehicle sales data for 1999 and 2000
used for this report have been adjusted, as necessary, to take
into account sales data available in trade publications at the
time the database was frozen

The npg data in this series of reports are unadj usted
| aboratory data, with no correction for |aboratory to on-road
shortfall, alternative fuels capability “credits”, or test
procedure adjustnent. Accordingly, the npg values in this report
are always slightly [ ower than those reported by the Departnent of
Transportation and significantly higher than those provided in the
Fuel Econony @Quide. The |laboratory fuel econony val ues are
adj usted downward (the city value by 10 percent and the hi ghway
val ue by 22 percent) to obtain the real world projections used on
new vehicle | abels and in the Fuel Econony @Qiide. These
systematic differences do not influence the fuel econony and
technol ogy trends in this report.

Where only one npg value is presented in this report, it is
the “conposite 55/45 conbi ned npg”, i.e.,

MPGyg s = 1 / (.55/ MPG. + .45/ MPG)

where MPG. is the fuel econonmy on the EPA City Driving cycle and
MPG, is the fuel economy on the EPA H ghway Driving cycle.

* Nunmbers in brackets denote references listed at the end of
the text.



Al'l vehicle weight data are based on inertia weight class
(nomnally curb weight plus 300 pounds). For vehicles with
inertia weights up to and including the 3000-pound inertia weight
cl ass, these classes have 250-pound increnents. For vehicles above
t he 3000-pound inertia weight class (i.e., vehicles 3500 pounds
and above), 500-pound increnents are used. Al interior volune
data for cars built after nodel year 1977 are based on the netric
used to classify cars for the DOE EPA Fuel Econony @Quide. The car
interior volunme data in this paper conbine that of the passenger
conpartnent and trunk/cargo space. |In the Fuel Econony Quiide
interior volume is undefined for the two-seater class; for this
series of reports, all two-seater cars have been assi gned an
interior volunme value of 50 cubic feet.

The light truck data used in this series of papers includes
only vehicles classified as light trucks with gross vehicle weight
ratings (GVYWWR) up to 8,500 pounds. Vehicles with GWR between
8,500 and 10, 000 pounds are not included in the database used for
this report. Onmtting these vehicles influences the overal
averages for all variables studied in this paper. Currently,
total sales of trucks with GWRR between 8,500 and 10, 000 pounds
represent only about 6 or 7% of the total sales of trucks with
GWR of 8,500 pounds or |ess.

To the extent that trucks wth GWR between 8,500 and 10, 000
pounds have | ower fuel econony than the average for the trucks
reported in this paper, the average fuel econony of the 0 to
10, 000 pound GVWR fleet will be lower (and the fuel consunption
hi gher) than the val ues reported here. For exanple, based on an
exam nation of final sales data fromtrade publications and
anal ysis of fuel econony data froma limted nunber of |aboratory
tests of recent (i.e., 1997 to 2000) nodel years, nodel year 1998
trucks with GWRR of 8,500 to 10,000 pounds have an estimated
aver age fuel econony of approximately 12.7 npg.

Conbi ning the 12.7 npg val ue for trucks above 8,500 GYWIR with
that for nodel year 1998 trucks with GWR bel ow 8,500 (i.e., 20.9
npg) results in an average fuel econonmy of 20.1 npg, or about 4%
| ower than the light-truck average for 1998 shown in this paper.
Simlarly, the average fuel econony for cars and all trucks under
10,000 GWR for that year woul d have been 23.7 npg, conpared to a
val ue of 24.5 npg obtai ned when the heavier trucks are excl uded.
Not e that nodel year 1998 was selected for this exanple because it
was the nost current year for which final sales data were
avai | abl e when the source data base used for this report was
frozen.



In addition to npg, sone tables in this paper contain
alternate neasures of vehicle fuel efficiency as used in reference
17. “Ton-npg” is defined as a vehicle’'s npg multiplied by its
inertia weight in tons. This nmetric provides an indication of a
vehicle s ability to nove weight (i.e., its own plus a nom na
payl oad). Ton-npg is a neasure of powertrain/drive-line
efficiency. Just as an increase in vehicle npg at constant weight
can be considered an inprovenent in a vehicle s efficiency, an
increase in a vehicle' s weight-carrying capacity at constant npg
can al so be considered an “inprovenent.”

“Cubic-feet-npg” for cars is defined in this paper as the
product of a car’s npg and its interior volune, including trunk
space. This nmetric associates a relative neasure of a vehicle’s
ability to transport both passengers and their cargo. An increase
in vehicle volunme at constant npg coul d be considered an
i mprovenent just as an increase in npg at constant volune can be.

“Cubic-feet-ton-npg” is defined in this paper as a
conmbi nation of the two previous netrics, i.e., a car’s npg
multiplied by its weight in tons and also by its interior vol une.
It ascribes vehicle utility to the ability to nove both wei ght and
vol une.

Thi s paper also includes an estinmate of 0-to-60 MPH
acceleration time, calculated fromengine rated horsepower and
vehicle inertia weight, fromthe rel ati onshi p:

t = F (HP/ W)

where the values used for F and f coefficients are .892 and . 805
respectively for vehicles with automatic transm ssions and . 967
and .775 respectively for those with manual transm ssions [28].

O her authors [29, 30, and 31] have eval uated the rel ati onshi ps
bet ween wei ght, horsepower, and 0O-to-60 acceleration tine and have
cal cul ated and published slightly different values for the F and f
coefficients.

The 0-t0-60 estimate used in this paper is intended to provide
a quantitative tinme "index" of vehicle performance capability. It
is the authors’ engineering judgnment that, given the differences
in test methods for neasuring O-to-60 tinme and given the fact that
the weight is based on inertia weight, use of these other
publ i shed values for the F and f coefficients would not result in
a significantly different 0-to-60 relative perfornmance esti mate.
The results of a simlar calculation of estimated “top speed” are
al so included in sone tabl es.



For cars, vehicle classification as to vehicle type, size
cl ass, and manufacturer/origin generally follows fuel econony
| abel , Fuel Econony Quide, and fuel econony standards protocols;
exceptions are listed in Appendix A In many of the passenger car
tabl es, | arge sedans and wagons are aggregated as "Large," m dsize
sedans and wagons are aggregated as "M dsize," and "Smal | "
includes all other cars. 1In sone of the car tables, an
alternative classification systemis used, nanely: Large Cars,
Large Wagons, M dsize Cars, Mdsize Wagons, Snall Cars, and Snal
Wagons with the EPA “Two- Seater, M ni-Conpact, Subconpact, and
Conpact” car classes conbined into the “Small Car” cl ass.

The truck classification schene used for all nodel years in
this paper is slightly different fromthat used prior to 1999 in
this series, because pickups, vans, and sports utility vehicles
(SUVs) are sonetinmes each subdivided as "Small," “Mdsize,” and
"Large." These truck size classifications are based primarily on
publ i shed wheel base data according to the following criteria:

Pi ckup Van SW
Smal | Less than 105" Less than 109" Less than 100"
M dsi ze 105" to 115" 109" to 124" 100" to 110"
Lar ge More than 115" More than 124" More than 110"

This classification schenme is simlar to that used in nmany
trade and consuner publications. For those vehicle nanepl ates
with a variety of wheel bases, the size classification was
determ ned by considering only the small est wheel base produced.
Grouping all vehicles into classes and then constructing time
trends of paraneters of interest, |like npg, can provide
interesting and useful results. The results, however, are a
strong function of the class definitions. Nowhere is this nore
important than in the definition of “Donmestic” and “lnport” truck
or “Donestic,” “European,” and “Asian” car used in this series of
papers.

Classification of a vehicle as a “Donestic” or “lnport”
truck, or “Donestic,” “European Inport,” or “Asian Inport” car is
based on the authors’ engineering judgnent of where the majority
of the vehicle’ s powertrain and em ssions control system
devel opnent and certification work was done. It is neant to be a
tracki ng systemfor technical paraneters related primarily to



engi ne and transm ssion devel opment and is not intended to be a
repl acenent for other donmestic/inport definitions such as those
used for fuel econony or tariff conpliance prograns. C asses
based on other definitions are possible, and results fromthese
ot her classifications nay al so be useful.

Appendi x B lists the nodel year 2000 nanepl ates by size class
and their sal es-wei ghted average 55/45 npg as of the data freeze
date. Appendix Clists and descri bes the nost, and | east, fue
efficient vehicles for nodel years 1975 to 2000.

Appendi xes D through G contain a series of tables in which
the fleet is grouped into classes and stratified based on vehicle
type, vehicle type and size, EPA car class, and inertia weight
cl ass respectively.

Appendi xes H, |, and J contain a series of tables in which
the fleet is grouped into classes and stratified based on
transm ssion type and nunber of gears, cylinder count, and by the
nunber of engi ne val ves per cylinder, respectively.

Appendi x J contains information about the fleet grouped into
mar ket segment cl asses which refl ect Domestic, European, and Asian
desi gn sources for cars and Donestic and | nported design sources
for trucks.

Appendi x L contains tables that provide detailed data rel ated
to the Fuel Econony | nprovenent Potential section of this report.



Il. CGeneral Car and Truck Trends

Table 1 gives sales and fuel econony of passenger cars, |ight
trucks, and all light-duty vehicles (cars and light trucks) for
nodel years 1975 to 2000. As Figure 1 shows, for the past dozen
years, the fuel econony of the conbined car and light-truck fleet
has gradual ly declined and remai ns about two npg, or about 7%
bel ow t he peak value of 25.9 npg attained in 1987 and 1988. Both
car and light-truck npg have been very stable during this period,
since 1986 cars have been within 0.5 npg of 28.1 and |ight trucks
within 0.5 npg of 21.1 since 1983.

For MY2000, average npg of all cars and trucks conbined is
projected to be 24.0 or lower at any tine since 1980 when the
average was 22.5. The decline in the overall conbined car/truck
average is primarily due to the increasing nmarket share of |ight
trucks which have | ower average fuel econony than cars. The
increase in the light-truck share of the market is the nost
important trend in the light vehicle fleet over recent years and
one which has yet to level off. Due to the increase in sales of
vans and SUVs (see Figure 2), the estimated |light-truck share
of the market has now passed 46% nore than double what it was in

MPG by Model Year Sales Fraction by Vehicle Type
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Table 1

Econony Characteristics of

1975 to 2000 Light-Duty Vehicles

Fuel
SALES
(000) FRAC
8237 .806
9722 . 788
11300 . 800
11175 . 773
10794 . 778
9443 835
8733 .827
7819 . 803
8002 . 777
10675 . 761
10791 . 746
11015 . 717
10731 . 722
10736 . 702
10018 . 693
8810 .698
8524 . 678
8108 . 666
8457 . 640
8414 . 602
9396 .620
7890 . 600
8335 .577
7968 552
8608 .542
8633 .539
1987 .194
2612 .212
2823 . 200
3273 . 227
3088 . 222
1863 . 165
1821 . 173
1914 . 197
2300 . 223
3345 . 239
3669 . 254
4350 . 283
4134 . 278
4559 . 298
4435 307
3805 .302
4049 . 322
4064 .334
4754 . 360
5572 . 398
5749 .380
5254 . 400
6108 .423
6477 . 448
7276 . 458
7381 . 461
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4021
3926
3878
3841

4161
4273
4426
4425
4548

4585
4569
4693
4723
4746

4746
4877
4930
4956
5045

5077
5076
5146
5208
5252



Table 1 (Conti nued)

Fuel Econony Characteristics of

1975 to 2000 Light-Duty Vehicles Estimated Vehicle Lifetime

Fuel Consumption Share

MODEL SALES FUEL ECONOWY TON
YEAR (000) FRAC CTY HW 55/45 - MPG Percent
100%
Both Cars and Trucks CAR
1975 10224 1.000 13.4 18.7 15.3 31.6 80%- |
1976 12334 1.000 14.6 20.2 16.7 34.4 0
1977 14123 1.000 15.6 21.3 17.7 35.7
1978 14448 1.000 16.3 22.5 18.6 35.1
1979 13882 1.000 16.5 22.3 18.7 34.7
1980 11306 1.000 19.6 27.5 22.5 36.6 60% F
1981 10554 1.000 20.9 29.5 24.1 38.9
1982 9732 1.000 21.3 30.7 24.7 40.0
1983 10302 1.000 21.2 30.6 24.6 40.5
1984 14020 1.000 21.2 30.8 24.6 40. 7
1985 14460 1.000 21.5 31.3 25.0 41. 4
1986 15365 1.000 22.1 32.2 25.7 42.0
1987 14865 1.000 22.2 32.6 25.9 42. 1
1988 15295 1.000 22.1 32.7 25.9 42.9
1989 14453 1.000 21.7 32.3 25.4 43.0
1990 12615 1.000 21.4 32.2 25.2 43.5
1991 12573 1.000 21.6 32.5 25.4 43. 6
1992 12172 1.000 21.0 32.1 24.9 44. 1 1975 1978 1981 1984 1987 1990 1993 1996 1999
1993 13211 1.000 21.2 32.4 25.1 44.5 Model Year
1994 13986 1.000 20.8 31.7 24.6 44,7
1995 15145 1.000 20.8 32.1 24.7 45, 2
Figure 3
1996 13144 1.000 20.8 32.2 24.8 45. 6
1997 14442 1.000 20.6 31.8 24.5 45.9
1998 14445 1.000 20.6 31.9 24.5 46. 3
1999 15884 1.000 20.3 31.1 24.0 46. 3
2000 16015 1.000 20.2 31.1 24.0 46.7

any year between 1975 and 1983. Vans and SUVs conbi ned account
for nearly 30% of this year’s fleet, conpared to about 6%in
1975.

The trends in market share, fuel econony, and estimte of
vehicle lifetinme travel can be conbined to estimate the fraction
of all light-vehicle fuel consunption that can be attributed to
the four major vehicle types, nanely pickup trucks, vans, SUVs,
and cars. The values plotted in Figure 3 represent the fuel-
consunption fraction, by nodel year and type of vehicle.

Consi dering the fuel used by both passenger cars and |ight
trucks as 100% Figure 3 shows that, on a nodel year basis, the
estimated share of the vehicle lifetinme fuel consunmed by |ight
trucks has exceeded 50% for the past several nodel years. Note
that this calculation uses the sanme useful |ife values that EPA



Table 2 Sal es- Wi ghted Percentile Distribution of Car Mg

Model <<-----mmmie e Percentile Level --------cmmmmmmmm i >  Act ual
Year 0% 1% 5% 10% 20% 25% 50% 75% 80% 90% 95% 99% 100% Average
1975 9.8 10.6 11.5 11.9 12.9 13.1 15.4 19.7 21.0 24.6 27.3 32.1 33.2 15.8
1976 10.1 12.2 13.2 13.7 14.5 14.9 17.1 20.3 22.1 26.9 29.0 33.2 35.8 17.5
1977 9.7 12.4 13.6 14.5 15.9 16.4 17.7 20.3 22.1 28.4 32.9 39.8 44.3 18. 3
1978 9.4 13.1 14.7 15.5 16.6 17.5 19.9 23.2 25.0 29.3 33.1 38.5 44.1 19.9
1979 9.2 14.0 15.4 16.1 17.2 17.7 19.9 24.0 25.7 29.1 31.2 36.4 46.0 20.3
1980 9.2 16.3 17.3 18.6 20.2 20.6 23.2 27.2 28.3 31.4 34.2 42.4 47.4 23.5
1981 5.0 17.1 18.5 19.9 21.5 21.9 25.3 29.8 30.8 33.8 36.9 44.5 48.1 25.1
1982 9.9 18.0 19.3 19.9 21.4 22.4 27.5 30.5 31.9 34.7 38.3 45.2 50.3 26.0
1983 9.9 19.1 19.4 19.9 21.0 21.6 26.1 31.5 33.1 36.7 39.0 43.1 53.3 25.9
1984 9.9 19.4 19.9 20.2 21.1 22.7 26.9 31.1 32.1 35.1 38.5 44.9 56.5 26. 3
1985 9.9 20.6 20.8 21.5 22.8 23.2 27.1 31.4 32.6 35.1 39.3 45.9 58.5 27.0
1986 8.7 21.5 22.0 22.9 23.9 24.2 28.9 31.4 32.9 35.6 39.6 46.6 67.4 27.9
1987 8.7 21.5 21.8 22.5 24.6 25.0 28.3 32.1 32.9 35.8 37.4 45.6 65.6 28.1
1988 8.7 21.4 22.6 22.9 25.1 26.5 28.9 32.3 33.0 36.3 38.7 45.6 65.6 28.6
1989 8.7 22.2 22.8 23.1 24.7 25.8 27.8 31.4 32.4 34.9 37.3 45.4 61.2 28.1
1990 10.9 21.5 22.5 23.0 25.3 25.3 27.7 31.0 31.4 34.0 37.1 41.9 65.3 27.8
1991 10.0 21.7 23.0 23.5 25.0 25.3 27.8 31.4 32.0 35.3 38.0 44.3 65.3 28.0
1992 10.0 21.6 22.7 23.5 24.6 24.7 27.0 30.7 31.4 34.7 38.2 48.1 65.3 27.6
1993 10.0 21.5 22.9 23.8 25.5 25.6 27.8 31.6 33.1 35.2 38.6 44.1 65.3 28.2
1994 12.9 21.7 22.9 23.5 24.8 25.6 27.6 31.3 32.8 34.5 37.1 44.2 65.8 28.1
1995 10.3 22.1 22.8 23.3 25.8 26.0 27.8 31.7 32.8 35.8 38.6 42.2 59.2 28.3
1996 12.0 22.8 23.2 23.7 25.6 25.8 27.4 31.5 32.4 35.8 38.3 42.2 54.8 28.3
1997 12.7 22.6 23.2 24.0 25.4 25.6 28.1 31.6 32.6 35.4 37.1 41.7 54.4 28. 4
1998 12.8 22.7 23.1 24.4 25.7 25.9 27.8 31.0 32.6 36.3 37.0 39.4 53.6 28.5
1999 12.5 20.5 22.7 24.2 25.5 26.3 27.7 30.5 31.2 35.4 36.7 39.5 52.6 28.2
2000 11.7 21.4 23.4 24.1 26.0 26.3 27.5 30.1 31.3 34.9 37.2 39.6 76.3 28.1
Change

Si nce

1975 1.9 10.8 11.9 12.2 13.1 13.2 12.1 10.4 10.3 10.3 9.9 7.5 43.1 12.3

Per cent
Change 19% 102% 103% 103% 102% 101% 79% 53% 49% 42% 36% 23% 130% 78%

considers for the Tier 2 Mdtor Vehicle Em ssions Standards,
nanmely 120,000 mles for both cars and trucks. The cal cul ation
al so assunes that the relative city and highway driving fractions
are the sane for all vehicle types.

The data in nost tables and figures in this report are a
tinme series of sal es-weighted averages of a substantial nunber of
i ndi vidual data points. For any given nodel year, there is also
sone interest in the within-year distribution of the data.
Tables 2 and 3 show the npg distribution data for cars and |ight
trucks. In Figures 4 and 5, for each nodel year, the sales-
wei ghted npg’'s at several percentile |evels are shown as |ines
connecting the vehicles with the | owest fuel econony each year,

t he worst and best one percent of vehicles; and at the 25 and 75
percentile level wth the area between the 25 and 75 percentile
| evel representing half of the cars and trucks built each year.
Percentile |ines having constant slope represent percentiles



Table 3 Sal es- Wi ghted Percentile Distribution of Truck Mg

Model <<-----mmmie e Percentile Level --------cmmmmmmmm i >  Act ual
Year 0% 1% 5% 10% 20% 25% 50% 75% 80% 90% 95% 99% 100% Average
1975 9.0 9.2 10.5 10.8 11.3 11.5 13.8 15.7 18.1 21.0 22.2 22.5 24.3 13.7
1976 9.1 10.6 11.4 11.7 12.3 12.3 13.9 16.6 18.4 20.2 23.0 25.3 27.0 14. 4
1977 9.4 10.5 12.1 12.7 13.6 13.7 14.8 18.2 18.6 23.0 25.4 28.4 32.2 15.6
1978 9.5 11.2 12.2 12.5 13.0 13.1 14.4 18.5 19.2 23.0 26.1 28.6 32.7 15.2
1979 9.4 9.6 10.8 11.2 12.1 12.7 14.4 18.2 18.9 22.6 24.3 29.7 30.5 14.7
1980 9.9 12.5 13.4 14.2 15.5 15.8 19.0 22.7 23.9 26.0 27.2 30.3 45.0 18.6
1981 11.1 13.2 14.7 15.7 17.4 17.9 19.0 23.9 25.3 29.4 31.2 36.8 42.3 20.1
1982 11.9 13.1 14.3 15.6 17.4 17.8 20.1 24.6 26.7 28.5 31.0 36.0 43.7 20.5
1983 12.1 13.1 14.2 15.9 17.5 18.1 21.4 25.7 26.8 29.4 31.0 355 45.1 20.9
1984 11.2 13.0 14.2 15.4 17.3 17.7 21.5 24.2 25.3 28.4 30.5 34.5 42.6 20.5
1985 11.3 13.4 14.6 16.1 16.5 17.4 21.9 24.5 25.4 27.9 29.3 33.6 42.6 20.6
1986 12.2 13.9 15.9 17.0 17.8 18.5 21.8 25.7 27.0 28.1 30.0 32.9 42.6 21.4
1987 11.8 13.8 16.3 16.9 17.8 19.0 21.8 25.2 26.8 28.1 30.6 33.1 42.8 21.6
1988 11.7 14.5 16.4 16.9 18.3 18.4 22.0 24.0 25.6 27.7 29.6 33.3 33.3 21.2
1989 12.2 13.8 16.4 17.1 18.0 18.3 22.0 23.8 24.2 27.0 28.9 29.6 33.4 20.9
1990 11.9 13.9 16.0 16.7 17.8 18.5 21.1 22.9 24.4 26.8 28.9 29.3 33.5 20.7
1991 12.4 14.7 16.5 17.2 18.8 19.4 21.8 23.5 24.1 27.5 28.9 30.1 33.5 21.3
1992 12.4 14.9 16.7 17.1 18.2 18.9 21.0 23.4 24.1 26.7 28.2 29.8 33.5 20.8
1993 12.5 15.4 16.7 17.3 18.4 19.0 21.3 23.3 23.8 26.3 28.7 29.8 33.5 21.0
1994 14.7 15.7 16.6 17.0 18.0 18.5 20.7 23.6 23.8 27.5 28.4 29.5 33.5 20. 8
1995 14.7 15.6 16.6 16.8 18.0 18.3 20.4 23.0 23.3 26.3 28.6 29.4 33.6 20.5
1996 14.7 14.7 16.7 17.4 17.9 18.4 21.1 23.3 23.7 26.8 27.6 29.8 31.3 20. 8
1997 14.4 16.0 16.7 17.6 18.2 18.8 20.5 22.6 23.5 25.9 28.3 29.7 31.3 20.6
1998 14.5 15.8 16.5 17.2 18.1 18.7 21.1 23.6 24.1 26.8 27.9 29.5 30.8 20.9
1999 14.8 15.6 16.2 16.8 18.1 18.6 20.6 22.9 23.5 25.3 27.3 29.6 31.1 20. 4
2000 15.0 15.5 16.2 17.2 18.5 18.7 20.5 22.6 23.4 25.0 27.3 29.6 31.1 20.5
Change

Si nce

1975 6.0 6.3 57 6.4 7.2 7.2 6.7 6.9 5.3 4.0 51 7.1 6.8 6.8

Per cent
Change 67% 68% 54% 59% 64% 63% 49% 44% 29% 19% 23% 32% 28% 50%

where npg has been constant with tine, and |ines having positive
or negative slope represent percentiles where fuel econony is
either inproving or worsening with tine.

On a percentage basis, for cars at the zero percentile,
i.e., for those with the | owest fuel econony, there has been
substantially | ess fuel econony inprovenent since 1975 than for
those at the higher percentile I evels shown in Table 1. The
fuel econony of cars at the zero percentile | evel has inproved
only 1.9 npg since 1975, conpared to nore than 10 npg for al
percentile levels up to the 90'" percentile. |In recent years, the
cars with the | owest fuel econony have tended to be relatively
hi gh priced, |ow sales volune, performance-oriented Two Seaters.
In contrast, the cars with the highest fuel econony each year
have tended to be Subconpacts or M niconpacts with front-wheel
drive, manual transm ssions, and relatively high 0-to-60
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acceleration tinmes. (See Appendix C for a listing and
description of the cars and trucks wth the highest and | owest

fuel econony each year.)

The fuel econony difference between the |east efficient and
nost efficient car increased fromless than 25 npg in 1975 to
nearly 50 npg a decade later in 1985 and is now, with the
i ntroduction for sale of the Honda | nsight gasoline-electric
hybrid vehicle, nearly 65 npg. Despite this w dening of the fuel
econony range, half of the cars built each year remain within
about 4 npg of the actual nodel -year average. The Honda | nsight,
however, foreshadows what coul d happen if hybrid vehicles becone
wi dely accepted by the general public.

The overall npg distribution trend for trucks is very
simlar to that for cars, except the fuel econony of the |east
efficient truck has increased by about 6 npg since 1975, and
there is a peak in the efficiency of the nost efficient truck in
the early 1980's when small pickup trucks with diesel engines
were being sold. As a result, the fuel econony range between the
nost efficient and | east efficient truck has narrowed from about
33 npg in 1983 to about 16 npg this year. Half of the trucks
built each year since 1991 have been w thin about 4 npg of each
year’ s average fuel econony val ue.
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Tabl e 4 gives vehicle size and design characteristics of
light-duty vehicles. Average interior volunme of cars has changed
very little since 1977, decreasing froma maxi mum 110 cubic feet
that year to a m ninumof 104 cubic feet in 1980. Since 1992,
interior volume for cars has averaged either 108 or 109 cubic feet.
Bet ween 1975 and 1984 (see Figure 6), average inertia weight for
cars decreased nearly a thousand pounds; vehicle performance, as
nmeasured by estimated 0-to0-60 tinme, was relatively constant; and
average npg increased from15.8 to 26. 3.

For the next five years, passenger car inertia weight remained
relatively constant; 0O-to-60 tine decreased by about a second; and
fuel econony reached a peak of 28.6 npg in 1988, then dropped to
28.1 the next year. Wth three m nor exceptions, passenger car
inertia weight has increased every year since 1987 and is now nore
t han 350 pounds higher than it was then. Simlarly, estimted
0-to0-60 tine has decreased nearly every year and i s now nore than
four seconds less than it was in 1981.

Tabl e 4
Vehicl e Size and Design Characteristics of 1975 to 2000 Light-Duty Vehicles

ST Measured Characteristics ------------ R Percent by ----------- >
MODEL SALES 55/45 VOL WGHT 0-60 TOP HP/ VEHI CLE SI ZE DESI GNED
YEAR (000) FRAC MPG CU-FT LB HP TIME SPD W SMALL M D LARGE DOM EUR ASIA

Cars

1975 8237 .806 15.8 4057 136 14.2 111 .0331 55.4 23.3 21.3 81.6 8.2 10.3
1976 9722 .788 17.5 4058 134 14.4 110 .0324 55.4 25.2 19.4 84.9 5.4 9.7
1977 11300 .800 18.3 110 3943 133 14.0 111 .0335 51.9 24.5 23.5 82.2 5.5 12.2
1978 11175 .773 19.9 109 3587 124 13.7 111 .0342 44.7 34.4 21.0 80. 2 6.3 13.5
1979 10794 .778 20.3 108 3484 119 13.8 110 .0338 43.7 34.2 22.1 80. 4 5.6 14.0
1980 9443 .835 23.5 104 3101 100 14.3 107 .0322 54.4 34.4 11.3 71.2 8.4 20.4
1981 8733 .827 25.1 106 3075 99 14.4 106 .0320 51.5 36.4 12.2 71.7 6.0 22.3
1982 7819 .803 26.0 106 3054 99 14.4 106 .0320 56.5 31.0 12.5 70. 4 6.3 23.3
1983 8002 .777 25.9 108 3111 104 14.0 108 .0330 53.1 31.8 15.1 71.0 5.5 23.5
1984 10675 .761 26.3 107 3098 106 13.8 109 .0339 57.4 29.4 13.2 75.9 6.0 18.1
1985 10791 .746 27.0 108 3092 111 13.3 111 .0355 55.7 28.9 15.4 72.3 6.2 21.6
1986 11015 .717 27.9 107 3040 111 13.2 111 .0360 59.5 27.9 12.6 68. 2 6.6 25.1
1987 10731 .722 28.1 106 3030 112 13.0 112 .0365 63.5 24.3 12.2 61. 6 6.9 31.5
1988 10736 .702 28.6 107 3046 116 12.8 113 .0375 64.8 22.3 12.8 61.2 6.3 32.5
1989 10018 .693 28.1 107 3099 121 12.5 115 .0387 58.3 28.2 13.5 61.9 5.5 32.6
1990 8810 .698 27.8 107 3175 129 12.1 117 .0401 58.6 28.7 12.8 56. 8 5.0 38.2
1991 8524 .678 28.0 106 3153 132 11.8 118 .0413 61.5 26.2 12.3 56. 2 4.6 39.2
1992 8108 .666 27.6 108 3239 141 11.5 120 .0428 56.5 27.8 15.6 58. 3 4.1 37.7
1993 8457 .640 28.2 108 3207 138 11.6 120 .0425 57.2 29.5 13.3 60. 4 3.4 36.2
1994 8414 .602 28.1 108 3249 143 11.4 121 .0432 58.5 26.1 15.4 55.7 4.0 40.3
1995 9396 .620 28.3 108 3262 152 10.9 125 .0460 57.3 28.6 14.0 58.5 5.4 36.1
1996 7890 .600 28.3 108 3281 154 10.8 125 .0464 54.3 32.0 13.6 57.8 5.1 37.0
1997 8335 .577 28.4 108 3274 156 10.7 126 .0469 55.1 30.6 14.3 55.1 6.5 38.4
1998 7968 .552 28.5 108 3306 159 10.6 127 .0475 49.4 39.2 11.4 55.1 7.9 37.0
1999 8608 .542 28.2 109 3366 165 10.5 128 .0483 47.8 38.7 13.5 53.5 10.3 36.2
2000 8633 .539 28.1 109 3386 170 10.3 130 .0495 46.1 34.8 19.1 49.4 13.9 36.7
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MODEL
YEAR

Trucks

1975
1976
1977
1978
1979
1980

1981
1982
1983
1984
1985

1986
1987
1988
1989
1990

1991
1992
1993
1994
1995

1996
1997
1998
1999
2000

SALES
(000)

1987
2612
2823
3273
3088
1863

1821
1914
2300
3345
3669

4350
4134
4559
4435
3805

4049
4064
4754
5572
5749

5254
6108
6477
7276
7381

Both Cars and

1975
1976
1977
1978
1979
1980

1981
1982
1983
1984
1985

1986
1987
1988
1989
1990

1991
1992
1993
1994
1995

1996
1997
1998
1999
2000

10224
12334
14123
14448
13882
11306

10554

9732
10302
14020
14460

15365
14865
15295
14453
12615

12573
12172
13211
13986
15145

13144
14442
14445
15884
16015

Trucks

BRRRE PRERE PRERERE PRREE PRRREE

FRAC

. 194
. 212
. 200
. 227
. 222
. 165

. 173
. 197
. 223
. 239
. 254

. 283
. 278
. 298
. 307
. 302

. 322
. 334
. 360
. 398
. 380

. 400
. 423
. 448
. 458
. 461

000
000
000
000
000
000

000
000
000
000
000

000
000
000
000
000

000
000
000
000
000

000
000
000
000
000

55/ 45 WGHT

MPG LB
13.7 4072
14.4 4154
15.6 4135
15.2 4151
14.7 4251
18.6 3868
20.1 3805
20.5 3805
20.9 3763
20.5 3782
20.6 3795
21. 4 3737
21.6 3712
21.2 3841
20.9 3921
20.7 4005
21.3 3948
20.8 4055
21.0 4073
20.8 4129
20.5 4184
20.8 4224
20.6 4344
20.9 4282
20.4 4356
20.5 4432
15.3 4060
16.7 4079
17.7 3981
18.6 3715
18.7 3655
22.5 3227
24.1 3201
24.7 3201
24.6 3257
24.6 3261
25.0 3271
25.7 3237
25.9 3220
25.9 3283
25. 4 3351
25.2 3426
25. 4 3409
24.9 3512
25.1 3518
24.6 3600
24.7 3612
24.8 3658
24.5 3726
24.5 3744
24.0 3819
24.0 3868

HP

142
141
147
146
138
121

119
120
118
118
124

123
131
141
146
151

150
155
162
166
168

179
187
187
193
200

137
135
136
129
124
104

102
103
107
109
114

114
118
123
129
135

138
145
147
152
158

164
169
172
178
183

Tabl e 4 (Conti nued)
Vehicl e Size and Design Characteristics of 1975 to 2000 Light-Duty Vehicles

Measured Characteristics

0- 60
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114
113
115
114
111
108

108
109
108
108
110

110
113
115
116
117

117
118
120
121
121

124
126
126
127
129

112
111
112
112
110
107

107
107
108
109
110

111
112
114
115
117

118
120
120
121
123

125
126
126
128
129

. 0349
. 0340
. 0356
. 0351
. 0325
. 0313

. 0311
. 0317
. 0313
. 0310
. 0326

. 0330
. 0351
. 0366
. 0372
. 0377

. 0379
. 0382
. 0398
. 0402
. 0401

. 0423
. 0429
. 0435
. 0442
. 0449

. 0335
. 0328
. 0339
. 0344
. 0335
. 0320

. 0318
. 0320
. 0327
. 0332
. 0347

. 0351
. 0361
. 0372
. 0382
. 0394

. 0402
. 0413
. 0416
. 0420
. 0438

. 0447
. 0452
. 0457
. 0464
. 0473
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VEHI CLE S| ZE
SMALL M D LARGE

10.9 24.2 64.9
9.0 20.3 70.7
11.1 20.3 68.5
10.9 22.7 66.3
15.2 19.5 65.3
28.4 17.6 54.0
23.2 19.1 57.7
21.1 31.0 47.9
16.6 45.9 37.6
19.5 46.4 34.1
19.2 48.5 32.3
23.5 48.5 28.0
19.9 59.6 20.6
15.0 57.2 27.8
13.9 58.9 27.2
13.4 57.1 29.6
11.4 67.2 21.4
10.4 64.0 25.6
8.8 65.3 25.9
9.8 62.5 27.7
8.6 63.5 27.9
6.5 67.1 26.4
10.1 52.5 37.4
8.9 58.7 32.4
10.8 54.8 34.4

5 .9 .6

46.8 23.5 29.8
45.6 24.2 30.3
43.8 23.7 32.5
37.0 31.7 31.2
37.3 30.9 31.7
50.1 31.6 18.3
46.6 33.4 20.0
49.6 31.0 19.5
44,9 34.9 20.1
48.4 33.4 18.2
46.5 33.9 19.7
49.3 33.7 17.0
51.4 34.1 14.5
50.0 32.7 17.3
44,7 37.6 17.7
44,9 37.2 17.8
45.3 39.4 15.2
41.1 39.9 19.0
39.8 42.4 17.8
39.1 40.6 20.3
38.8 41.9 19.3
35.2 46.0 18.7
36.1 39.8 24.1
31.2 48.0 20.8
30.9 46.1 23.0
28.7 43.2 28.1

Percent by ---------------- >
DESI GNED VEH CLE TYPE
DOV Pl CKUP VAN SW
88.7 67.6 23.0 9.4
90.9 71.5 19.2 9.3
88.5 71.8 18.2 10.0
89.1 69.3 19.1 11.6
84.7 71.5 15.5 13.0
69.4 77.2 13.0 9.8
72.0 79.1 13.5 7.5
76.3 75.3 16.2 8.5
78.5 70.8 16.6 12.5
77.6 61.1 20.2 18.7
80.1 56.6 23.3 20.0
70.3 58.2 24.0 17.8
72.3 51.9 26.9 21.1
81.1 53.9 24.9 21.2
81.9 50.3 28.8 20.9
80.3 48.2 33.2 18.6
79.7 47.4 25.5 27.0
82.2 45.3 30.0 24.7
82.6 42.1 30.3 27.6
83.4 46.5 25.1 28.4
80. 8 39.5 28.9 31.6
84.7 37.2 26.8 36.0
83.0 39.3 20.3 40.3
83.0 37.3 23.0 39.8
78.0 40.2 21.0 38.8
77.2 36.4 19.9 43.6
82.9
86. 2
83.5
82.2
81.4
70.9
71.7
71.6
72.7
76.3
74.2
68. 8
64.6
67.1
68.1
63.9
63. 8
66. 3
68. 4
66. 7
67.0
68. 6
66. 9
.6
7
.2



MPG and Performance MPG and Performance
Cars Vans

MPG, 0 to 60 (sec. Inertia Weight (Ibs. MPG, 0 to 60 (sec. i i .
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As indicated in Table 4, average inertia weight for trucks
reached a m ni mrum val ue of 3737 pounds in 1986 and has increased
nearly 700 pounds since then. Between 1975 and 1984, esti nmated
0-to0-60 tine for trucks increased from13.6 to 14.7 seconds and
has since decreased to 11.0 seconds. For nodel year 2000, I|ight-
truck fuel econony is nearly 50% higher than it was in 1975, but
nost of this increase occurred between 1975 and 1981.

The sales distribution by truck type has changed consi der -
ably in recent years. In 1975, pickups accounted for two-thirds
of truck sales conpared to slightly over a third this year.
Currently, about 20% of trucks are vans, but in 1990 nearly a
third were. Since 1975, the relative sales fraction for SUVs has
i ncreased by a factor of nore than four; fromless than 10% of
all light trucks in the md-70's to nore than 40%this year.

Figure 7 shows the changes in weight, fuel econony, and
0-to-60 tine that have occurred for vans. Their fuel econony
i ncreased by 4.6 npg between 1975 and 1983, by another 4.2 npg
bet ween then and 1993, and is currently near the peak val ue of
22.7 attained in 1998. Average weight for vans reached a peak of
over 4500 pounds in 1979, dropped to a mnimumvalue of slightly
| ess than 4000 pounds in 1987, and has since increased by over
350 pounds. Zero-to-60 tinme for vans peaked at 15.3 seconds
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in 1981, and they are now about four seconds faster. Many of the
changes in vans can, of course, be attributed to the introduction
and popularity of “Mnivans” and the rel ated use of front-wheel
drive. Through 1983, vans were essentially all rear drive. In
1984, van front-wheel drive usage junped to over 20% and nore

t han doubl ed by 1990. Since 1998, nore than three-fourths of
vans have used front-wheel drive.

Figure 8 shows simlar data for SUVs which accounted for

| ess than about 5% of all light-duty vehicles each year through
1984 conpared to 20% this year. For M2000, the sales fraction
of SUVs will be higher than the conbined sales fraction for vans,
pi ckups, and SUVs was in 1975. SUV inertia weight peaked at over
4500 pounds in 1979, dropped to a m ni num of 3921 pounds in 1986,
and has since increased by over 500 pounds. This Increase in SW
inertia weight has been acconpanied by a decrease in 0-to-60 tine
and relatively constant fuel econony. For the past fifteen
years, SWV fuel econony has averaged within 0.5 npg of 20. 1.

The trend for pickup trucks (Figure 9) has been very simlar
to that for SUVs. Their inertia weight reached 4142 pounds in
1978, decreased to about 3500 pounds in the m d-80"s, and they
are now nearly 900 pounds heavier. For M2000, their fuel
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econony will be about 11% | ower than the maxi nrum val ue attai ned
in 1987. Their average 0-to-60 tinme has decreased al nost contin-

uously and is now nearly four seconds faster than it was in 1984.
Figure 10 conpares another estinmated performance netric: top
speed, which like estimated 0-to0-60 tine is calculated fromthe
rati o of horsepower to weight. The trends for all four vehicle
types are very simlar and are difficult to distinguish. As wth
0-to-60 tinme, estimated top speed for cars, vans, SUVs, and

pi ckups remained relatively constant for a few years in the |ate
70's, then dropped slightly during the early 80's, and has since
i ncreased fromabout 110 MPH in 1984 to 125 to 130 MPH this year.

Because the wei ght increases that have occurred in recent
years have not been acconpani ed by a substantial reduction in
npg, light-duty vehicles are getting nore efficient at noving
their weight around. Accounting for this in a nmeasure of vehicle
ef ficiency can be acconplished by | ooking at ton-npg which, as
previously nentioned, is defined for the purpose of this paper as
a vehicle’s weight in tons tines its npg. Since 1975, cars have
i nproved in ton-npg by about 50% pickups by about 55% SUVs by
65% and vans by about 75% Vans and cars now have about the
sane ton-npg, but SUVs and pickup trucks | ag behind (see Figure
11) by about five ton-npg and by about a half dozen years.
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[1l. Trends by Vehicle Type and Size d ass

Figure 1 and Table 1 show that trucks are expected to
account for over 46% of the light-duty vehicles produced during
nodel year 2000. In the next series of figures and tables, cars
and light trucks are classified into five vehicle types: cars
(i.e., coupes, sedans, and hatchbacks) station wagons, vans,
sports utility vehicles (SUvs), and pickup trucks; and three
vehicle sizes: small, mdsize, and large. Note that vehicles
have not been produced recently for Small Vans and Large \Wagons.
Appendi x E contains a series of tables describing |ight-duty
vehicles at the vehicle size/type level of stratification.

Tabl e 5 conpares sales fractions by vehicle type and size
for nodel years 1975, 1988, and 2000. Since 1975, the | argest
increases in sales fraction on this basis have been for m dsize
SUWVs and midsize vans. These two truck-size classes are expected
to account for over 20% of the vehicles built this year, conpared
to a conbined total of about 4 and 10%in 1975 and 1988,
respectively. Conversely, the |argest sales fraction decrease
has occurred for small cars which accounted for 40%of all |ight-
duty vehicles produced in both 1975 and nearly 44% in 1988.

While their sales fraction has consistently remai ned the | argest
of the 15 vehicle sizes and types, it has since decreased to
about 20% and thus is about half what it was in 1975. M dsize
cars have al so consistently retained their nunber two ranking and
for nodel year 2000 will have a slightly larger (i.e., 3.5%
sales fraction as in 1978.

An overall decrease has occurred for large cars which
accounted for about 15% of total light-duty sales in 1975 when
they ranked third. Between then and 1988, their sales fraction
dropped alnost in half but has increased this year back above
10% Part of this increase can be attributed to design changes
made since | ast year of the Ford Taurus Sedan. For My2000, the
interior volune of this relatively popular vehicle increased by
about five cubic feet (from116.7 to 121.7), noving it fromthe
M dsize Car Class to the Large Car Cass. The MY2000 Taurus’s
conbi ned passenger and cargo volume is thus 1.7 cubic feet (i.e.,
1.49% nore than EPA's minimum for the Large Car C ass. Since
1997, the sales fraction for Large Cars has ranked fifth and is
now behind M dsize Vans and M dsize SUVSs.
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Table 5 Sal es Fractions of MY1975, MY1988, and My2000
Li ght-Duty Vehicles by Vehicle Size and Type

Sal es Fraction Change in Sales Fraction
Vehi cl e From 1975 From 1975 From 1988
Type Si ze 1975 1988 2000 To 2000 To 1988 To 2000
Car Smal | 40. 0% 43. 8% 24. 3% -15. 7% 3. 9% -19. 5%
M dsi ze 16. 0% 13. 8% 17. 3% 1.4% -2.1% 3.5%
Lar ge 15. 2% 8. 5% 10. 3% -4.9% -6. 7% 1.8%
All 71. 2% 66. 2% 51. 9% -19. 3% -5.0% -14. 3%
Wagon Smal | 4. 7% 1. 7% 0. 6% -4. 1% -3.0% -1.1%
M dsi ze 2.8% 1. 9% 1.4% -1.4% -1.0% -0.5%
Lar ge 1.9% 0. 5% 0. 0% -1.9% -1.4% -0.5%
Al l 9. 4% 4. 0% 2. 0% -7.4% -5. 4% -2.0%
Van Smal | 0. 0% 0. 4% 0. 0% 0.0 0. 3% -0. 4%
M dsi ze 3. 0% 6. 2% 7.9% 4. 9% 3. 2% 1. 7%
Lar ge 1.5% 0. 9% 1.3% -0.2% -0.6% 0.4%
Al l 4. 5% 7.4% 9. 2% 4. 7% 2. 9% 1.8%
SW Smal | 0.5% 1.9% 2.3% 1.8% 1.4% 0. 6%
M dsi ze 1.2% 4. 0% 12. 3% 11. 1% 2.8% 8. 3%
Lar ge 0.1% 0. 5% 5. 5% 5.4% 0. 3% 5. 0%
All 1.8% 6. 3% 20. 1% 18. 3% 4. 5% 13. 7%
Pi ckup Snal | 1. 6% 2.2% 1.5% 0.1% 0. 7% -0. 7%
M dsi ze 0. 5% 6. 9% 4. 2% 3. 7% 6. 4% -2. 7%
Lar ge 11. 0% 7.0% 11. 0% 0. 0% -4. 1% 4. 1%
All 13. 1% 16. 1% 16. 8% 3.8% 3. 0% 0. 7%
Al Trucks 19. 4% 29. 8% 46. 1% 26. 7% 10. 4% 16. 3%

Significant sales fraction decreases for station wagons have
al so occurred. They now account for only 2% of the vehicles that
will be sold this year vs. nore than 9% 1 n 1975. The sales
fraction for pickups, by conparison, has been relatively stable.
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Aver age,

and Best Fuel Econony

by Vehicle Type and Size

Tabl e 6 Wor st
Vehi cl e 1975
Type Si ze Wrst Avg
Car Snal | 10.1 18.7
M dsi ze 10.1 13.5
Lar ge 9.8 13.0
Al | 9.8 15.8
Wagon Snal | 13.9 22.4
M dsi ze 9.8 13.2
Lar ge 9.8 11.9
Al | 9.8 16.1
Van Snal | 19.1 20.6
M dsi ze 9.7 13.3
Large 10.5 12.6
Al l 9.7 13.1
SW Snal | 12.0 16.1
M dsi ze 9.6 12.1
Lar ge 9.2 12.2
Al l 9.2 13.0
Pi ckup Snal | 15.2 22.5
M dsi ze 21.0 21.1
Lar ge 9.0 13.1
Al | 9.0 14.0
Al l Cars 9.7 15.8
Al l Trucks 9.0 13.7
Al l Vehi cl es 9.7 15.3

Tabl e 6 conpares the changes in fuel
occurred by vehicle size and type for the sane nodel

in Tabl e 5.

the thirteen vehicle size and type classes that are represented

A oo N ©oou o ONW N NDoOOl

g OoOwo

N O

1988
Best Wor st Avg.
33.2 8.7 30.
13. 6 12. 4 26.
13.1 11.8 24.
33.2 8.7 28.
28. 2 20.4 31.
29.4 20.8 26
15.1 22.6 22.
29.4 20.4 27
21.6 18.5 24.
21.5 13.4 21.
17.0 11.8 16.
21.6 11.8 21.
19. 2 18.6 24.
21.5 12.1 19.
16.0 14.5 16.
21.5 12.1 20
24. 3 16.0 25.
21.1 18.2 25
21.6 11.7 18.
24. 3 11.7 21
33.2 8.7 28.
24. 3 11.7 21
33.2 8.7 25.

Wth two exceptions,

2000
Best Wor st Avg. Best
65. 6 11.7 30.2 76.3
32.8 15.0 27.1 35.5
30.8 16.1 25.4 28.1
65. 6 11.7 28.1 76.3
39.5 20.5 28.5 37.9
32.8 22.9 27.4 33.9
22.9 e
39.5 20.5 27.7 37.9
29.6 T
27.7 18.5 23.4 25.9
19.9 15.0 18.2 19.6
29.6 15.0 22.5 25.9
33.3 18.9 23.5 31.1
28.1 15.4 20.8 27.5
22.1 15.5 17.3 20.8
33.3 15.4 20.0 31.1
29.2 19.4 23.7 28.7
30.7 15.5 22.7 29.6
24.8 15.4 18.9 22.8
30.7 15.4 20.1 29.6
65. 6 11.7 28.1 76.3
33.3 15.0 20.5 25.9

65. 6 11.7 24.0 76.3

econony that have

average fuel econony for al

by My2000 vehicles is higher this year than Small Cars were in

1975. For MY2000, however,
average 17.3 and 18.2 npg,
that Small Cars attained in 1975.

Large SUVs and Large Vans w ||
respectively,
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Smal |, mdsize, and |arge cars have all achi eved doubl e-
digit npg increases since 1975 with nost of this increase (see
Figures 12, 13, and 14) coming by the m d-1980's. Fuel econony
i ncreases since 1975 for the nine truck vehicle size/types have
all been less than 10 npg with small and m dsi ze pi ckups on both
a percentage (see Table 6) and absol ute basis achieving the

smal | est i nprovenent, nanely less than 2 npg. It should be noted
that for MY2000 | arge cars get higher fuel econony than all nine
of the truck classes. In addition, five of the truck size/type

cl asses (mdsize vans, small and m dsize SUVs, and small and

m dsi ze pi ckups) get higher average npg this year, than snmall,

m dsi ze, and large cars did in 1975. For exanple, MY2000 m dsize
SUVs will average 20.8 npg in this year, conpared to 18.7, 13.5,
and 13.0 npg, respectively, for M1975 small, m dsize, and |arge
cars.

Since 1988, average fuel econony has decreased for five of
the fifteen vehicle types. In addition, average fuel econony for
all cars and trucks and the conbined car and truck fleet has
decreased by about 2% 3% and 7% respectively, since then. At
the vehicle size and type |level of stratification, between 1975
and this year, the rate of fuel econony inprovenent for the | east
fuel efficient vehicles has been significantly | ess than that for
both the class average and the nost efficient vehicle. 1In fact,
in three cases (Small Cars, Mdsize Pickups, and Small Vans), the
fuel econony of the worst vehicles was lower in 1988 than it was
in 1975. A simlar decrease also occurred for the worst Mdsize
Pi ckups between 1988 and this year.

Wth four exceptions (Small Cars, M dsize Wagons, Large
Vans, and Large Pickups), the average fuel econony achieved in
1988 was hi gher than that of the best vehicle in that class in
1975. For exanple, in 1988, Mdsize Cars averaged 26.6 npg
conpared to 13.6 npg for the best Mdsize Car in 1975. The fuel
econony of the best vehicle in each strata for 1988, however, is
al ways hi gher than the correspondi ng average for this year.

Figure 3 shows relative vehicle lifetinme fuel consunption
at the vehicle type level of stratification. Table 8 includes
simlar data to that in Figure 3, but at the vehicle type and
size level of stratification. As relative sales fractions
changed and vehicle fuel econony inproved, changes in relative
vehicle lifetime fuel consunption have occurred. Since 1975,
this netric has decreased by 26% for the three car classes, with
over half of this decrease comng fromsnmall cars. Simlarly,
relative lifetime fuel consunption for wagons has decreased from
about 9% in 1975 to less than 2% this year.
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Table 7

Vehi cl e
Type

Car

Wagon

Van

SWw

Pi ckup

> =2

Si ze

Smal |
M dsi ze
Lar ge

All

Snal |
M dsi ze
Lar ge

All

Smal |
M dsi ze
Lar ge

All

Smal |
M dsi ze
Lar ge

All

Smal |
M dsi ze
Lar ge

All

Cars
Trucks

Vehi cl e

Percent Change in Wrst,

Fuel Econony by Vehicle Type and Size

From 1975 to

Wor st
16%
49%
64%
19%

47%
134%

109%

91%
43%

55%
58%
60%
68%
67%
28%
- 26%
71%
71%
19%
67%
30%

Avg.
61%

101%
95%
78%

27%
108%

72%

76%
44%
72%
46%
72%
42%
54%

5%

8%
44%
44%
78%
50%

57%

2000
Best

130%
161%
115%
130%

34%
15%

29%

20%
15%

20%
62%
28%
30%
45%
18%
40%
6%
22%
160%
7%
160%

Aver age,

From 1975 to 1988

Wor st

-14%
23%
20%
-11%
47%
112%
131%
108%
-3%
38%
12%
22%
55%
26%
58%
32%
5%
-13%
30%
30%
-11%
30%
-3%
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Avg.
63%
97%
86%
82%
40%
98%
92%
71%
19%
64%
34%
62%
50%
61%
36%
57%
11%
20%
37%
54%
81%
55%
69%

Best
98%
141%
135%
98%
40%
12%
52%
34%
37%
29%
17%
37%
73%
31%
38%
55%
20%
45%
15%
26%
123%
37%
123%

and Best

From 1988 to 2000
VWor st

34%
21%
36%
34%

0%
10%

0%

38%
27%
27%

2%
27%

7%
27%
21%
15%
32%
32%
34%
28%

34%

Avg.
-1%
1%
5%
-2%
-9%
5%

0%

7%
8%
6%
-3%
7%
4%
-2%
-5%
-10%
5%
-7%
-2%
-3%
- 7%

Best
16%
8%
-9%
16%
-4%
3%

- 4%

- 6%
- 2%
-13%
- 7%
- 2%
- 6%
- 7%
- 2%
- 4%
- 8%
- 4%
16%
22%

16%



Tabl e 8

Rel ative Lifetinme Fuel

Consunpti on of MyY75, My88, and

MY2000 Light-Duty Vehicles by Vehiclel/ Type and Size

Percent of Fuel Consuned
Vehicl e
Type Si ze 1975 1988 2000
Car Smal | 32.0% 34.9% 17.5%
Mdsize 17.2% 12.5% 13.9%
Lar ge 17. 1% 8. 5% 8. 7%
All 66.3% 55.9% 40.1%
Wagon Smal | 3.1% 1. 3% 0. 4%
Mdsize 3.1% 1.7% 1.1%
Lar ge 2.4% 0.5%
All 8. 6% 3.5% 1. 6%
Van Smal | ---- 0. 4% ----
Mdsize 3.9% 8.2% 8. 8%
Lar ge 2.1% 1.5% 1.8%
All 6.0% 10.2% 10.6%
SW Smal | 0. 6% 1. 9% 2.2%
M dsi ze 1. 8% 5.9% 15.4%
Lar ge 0.2% 0. 8% 8.2%
Al l 2.5% 8.6% 25.8%
Pi ckup Snal | 1.2% 2. 6% 1.7%
Mdsize 0.5% 7.9% 4. 9%
Lar ge 14.9% 11.2% 15. 3%
All 16.6% 21.8% 21.8%
All Trucks 33.7% 44.1% 59. 9%
Signi ficant increases

lifetine fue

25% si nce 1975.

third of all

1975. Conversely,
pi ckups for My2000 is about 15%

m dsi ze SUVs,

lifetine fue

Change From

1975
To 2000

-14.
-3.
- 8.

1 [ ] II\>
(2]

A OO ~N DNDNDN

5%
4%
3%

. 2%
. 6%
. 0%
. 4%
. 0%
. 0%
. 9%
. 2%
. 6%

. 6%
. 6%

8.1%

23.

o oOhr~O

26.

3%

. 5%
. 4%
. 4%

. 3%

2%

1975

To 1988

2.
-4,
-8

-10.

N~ ORO O RPRP

O OhpE

1
g WNPE

10.

9%
7%

. 6%

4%

. 8%
. 4%
. 8%

. 0%
. 4%
. 3%
. 6%
. 1%
. 3%
. 2%
. 6%
. 1%
. 4%
. 5%
. 6%

. 2%

4%

inrelative lifetime fuel
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Figures 6 through 9 conpare npg, inertia weight, and 0-to-60
time for cars, vans, SWs, and pickup trucks. Figures 12 to 31
make sim | ar conparisons by vehicle size and type.

At this level of stratification, the trends observed earlier
for passenger cars for inertia weight, npg, and 0-to-60 tine
repeat. In the late 1970's, increases in npg for these vehicles
wer e acconpani ed by decreases in inertia weight and relatively
constant 0O-to-60 tines. Since then, as shown in Figures 12 to
15, npg for the small, midsize, and |arge cars has been
relatively stagnant, decreases in 0-to-60 time have occurred for
all three car sizes, and significant increases in weight have
occurred for small and mdsize cars. Inertia weight for |arge
cars has fluctuated in a narrow range (i.e., 3696 to 3894 pounds)
si nce droppi ng bel ow the 4000-pound mark in 1985. The trends for
wagons (see Figures 16 to 18) are very simlar to that for cars.

As indicated in Figure 15, the relative sales fractions of
smal |, mdsize, and | arge cars have been stable, particularly
since 1980 and al so when conpared to the sales fractions of other
vehi cl e types shown in Figures 19, 23, 27, and 31. The inpact of
t he redesign of the MY2000 Ford Taurus, nentioned above, accounts
for many of the recent changes in the relative sales fraction of
| ar ge cars.

As shown in Figure 20, npg for small vans increased over 25%
bet ween 1975 and 1996, the | atest year in which any were built.
During this time their weight remained relatively stable, but
their 0-to-60 tinme dropped seven seconds. Simlarly, fuel
econony for mdsize vans (see Figure 21) increased by 8.5 npg
bet ween 1975 and 1988 but only 1.6 npg since then. Their inertia
wei ght increased from 4230 pounds in 1975 to over 4500 pounds in
1979, then dropped to a m nimum of 3945 pounds in 1985 but is now
about where it was in 1975. Estimated 0-to0-60 tinme for this
vehicle size/type remained at about 14 to 15 seconds through 1986
but has declined about three seconds since then. Large vans show
an increasing trend in inertia weight and are now roughly 1000
pounds heavier than they were in the late 1975 s. Their fuel
econony increased from12.6 npg in 1975 to 16.8 in 1981 but has
yet to surpass the 19 npg | evel (see Figure 22).

As indicated in Figures 24 to 26, small SUV inertia weight
has ranged froma | ow of about 2800 pounds in 1983 to a high of
al nost 3700 pounds this year. Snall SUV fuel econony peaked at
28.5 npg in 1996 when their weight dropped bel ow 2900 pounds.
Their 0-to0-60 time increased to over 15 seconds in 1985 and has
since dropped al nost 25% From 1975 to 1985, m dsize SUV wei ght
decreased by over 700 pounds, their 0-to-60 tinme renmai ned the
sanme, and fuel econony increased fromabout 12 to 20 npg.
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Midsize Cars
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Car Sales Fraction by Vehicle Size
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MPG and Performance

Small Wagons
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As shown in Figure 26, fuel econony for |arge SUVs increased
from12.2 npg in 1975 to 18.9 npg in 1982 when over half of them
had di esel engines. That year, their ton-npg peaked at 52.7, and
their 0-to-60 time exceeded 16 seconds. Large SUV use of diesel
engi nes then declined rapidly and was an order of magnitude | ower
by 1987. Since 1984, fuel econony for |arge SUVs has remai ned
relatively stable at about 16 or 17 npg, but their inertia weight
i ncreased from 4728 pounds in 1975 to 5260 in 1979 and has been
over 5400 pounds the past two years. Large SUV inertia weight
has not been bel ow 5000 pounds in two decades. Figures 13 and 27
show that m dsi ze vehicl es have dom nated both Vans and SUVs.

The rel ative market share for |arge SUVs has increased from about
10%in 1975 to over 25%this year (see Figure 27).

Use of diesel engines also accounts for the relatively high
fuel econony (i.e., about 28 npg) that small pickups achieved in
1981 and 1982 when over 22% of them had di esel engines, and they
had about a 15-second 0-to-60 time. For My2000, snmall pickups
w Il have an inertia weight of nearly 3600 pounds conpared to
2756 pounds in 1975; their inertia weight has not been bel ow 3000
pounds since 1984. Their fuel econony renai ns about 16% bel ow
t he peak value attained in 1981 (see Figure 28).

As indicated in Figure 29, inertia weight for mdsize
pi ckups remai ned at about 3000 pounds between 1975 and 1986 but
has been on an upward trend since then and now exceeds 3800
pounds. Their 0-to-60 tine dropped fromover 17 to 18 seconds in
the late 1970's to about 12 seconds in 1994 where it remains. As
a result, their fuel econony remains nearly 25% bel ow t he peak
value of 29.5 attained in 1977. Large pickups al so show a trend
toward increasing weight, decreasing 0-to-60 tinme, and rel atively
constant fuel econony of about 18 to 19 npg since 1981, conpared
to 13.1 npg in 1975. For MW2000, |arge pickups have an average
inertia weight of 4830 pounds, or nearly 600 pounds nore than in
1975 (see Figure 30). As indicated in Figure 31, the relative
mar ket share for |arge pickups has been increasing since the late
1980’ s.

Figures 32 to 36 conpare ton-npg for small, mdsize, and
| arge cars, wagons, vans, SUVs, and pickups. Small, mdsize, and
| arge cars cannot be readily distinguished by their ton-npg trend
whi ch has remained in a narrow range that has increased at a
relatively consistent rate. The sane can be said of small and
m dsi ze wagons, but | arge wagons, which have not been produced
since 1996, achieved significantly higher ton-npg than their
smal l er counterparts between 1980 and 1986.
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Ton-npg for all three sizes of vans has al so inproved
consistently, froma nomnal 25 to 35 ton-npg in 1975 to 45 to 50
this year. In 1975, small vans were about 10 ton-npg higher than
their mdsize and | arge counterparts, but by the m d-1980"s, this
di fference had narrowed consi derably.

Conversely, since 1980, ton-npg for |arge SUVs has been
consi derably higher than for mdsize and small ones. In
particul ar, between 1981 and 1982, the ton-npg for |arge SUVs
I ncreased by 25% because over half of them used di esel engines.
VWhile |arge SUV ton-npg dropped a few years |ater when diesel
popul arity waned, it has renai ned about five ton-npg higher than
that for the two smaller SUV sizes.

A simlar trend is noticeable for small pickups for 1981 and
1982, when, as previously nentioned, about 20% of them used
di esel engines. Since then, however, small, mdsize, and | arge
pi ckups have had virtually indistinguishable ton-npg.

Ton-MPG Ton-MPG
SUVs Pickups
Ton-MPG Ton-MPG
4 L 55 4
1|=*Small i 1|=*Small
50 & <=Midsize| [\ ] [ 50 & <=Midsize| ] [
||=Large ||=Large
L R d N/ - 45
401 - Nosseng - - Y- - 8 a0t - -
R R /2 SRR S-S S
30+-- -/ W - 30
B4 Y - 254 -
20+—rt+—+—+—+—+——4—- 20+—4+—t——+—F+—+———t—
1970 1975 1980 1985 1990 1995 2000 1970 1975 1980 1985 1990 1995 2000
Model Year Model Year
Figure 35 Figure 36

31



Tabl e 9 conpares technol ogy usage for My2000 by vehicle type
and size. For this table, the car classes remain separated into
Cars and Station Wagons so that the table stratifies |ight-duty
vehicles into a total of 15 vehicle types and sizes. Note that
smal | vans and | arge wagons are not represented in this table,
because none have been produced since 1996.

Front -wheel drive is used heavily in all of the car and
wagon size classes, and nearly 90% of m dsize vans now use it.
By conparison, none of this year’s pickups wll have front-wheel
drive, and very little use of it is found in |arge vans or any of
the SUVs. Conversely, four-wheel drive is used heavily in SUVs,
pigkups, and wagons, but very little use of it is made in vans
and cars.

Large vehicles nake greater use of autonmatic/l ockup
transm ssions than their mdsize or small counterparts. The
opposite holds for usage of four-valve engines, wth small and
m dsi ze vehicles nmaking greater use of this technol ogy than |arge
ones. Donestic vehicles domnate all the mdsize and | arge
vehi cl e types except m dsize wagons; inports domnate all of the
smal | vehi cl es.

Table 9 My2000 Technol ogy Usage by Vehicle Type and Size
(Percent of Vehicle Typel/ Strata)
Vehi cl e Vehi cl e Type
Vari abl e Size Car Wagon Van SW Pi ckup
Fr ont Smal | 85 60 -- 6 0
Wheel M dsi ze 92 46 88 2 0
Drive Large 78 -- 1 0 0
Four Smal | 2 26 -- 69 36
Wheel M dsi ze 1 52 4 72 26
Drive Large 0 -- 0 73 42
Manual Smal | 26 27 -- 45 63
Transm ssion M dsize 5 14 0 6 40
Lar ge 0 -- 0 0 8
Four Val ves Smal | 61 85 -- 60 82
Per Cylinder Mdsize 69 70 24 25 0
Lar ge 37 -- 0 10 5
Donesti c Smal | 42 16 -- 21 0
M dsi ze 38 27 73 69 100
Lar ge 90 -- 99 89 95
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| V. Technol ogy Trends

Vehi cl e technol ogies studied in this report include usage of
front-, rear-, and four-wheel drive transm ssions and engi nes.
Appendi x D gives data stratified by vehicle type, Appendi xes H,
I, and J give additional data stratified by vehicle type, by
transm ssion type and nunber of gears, by nunber of engine
cylinders, and by nunber of valves per cylinder, respectively.

In Figures 37 to 40, the differences and changes in
drivetrain configuration between cars, vans, SUVs, and pickup
trucks are apparent. Prior to 1978, |less than 10% of cars used
front-wheel drive with alnost all of the renminder rear drive.
Since 1988, nore than 80% of cars have used front-wheel drive.
Rear - wheel drive accounted for nearly 95% of the 1975 cars; by
1984, its sales fraction dropped bel ow 50% for the past five
years, it has stayed below 15% For all of the years shown,
four-wheel drive has been used in only a few percent of the cars.

Drivetrain usage for vans has al so changed substantially.
Prior to 1983, virtually all vans used rear drive. Starting with
the introduction of the Chrysler mnivans in 1984, front drive
usage in vans increased to above 20%that year, then reached a
nom nal 50%in 1993, and has been over 75%for the past three
years. Wth few exceptions (e.g., 1991) four-wheel drive usage
in vans has remained relatively small, 1.e., less than 5%

Through 1990, 80% or nore of the SUVs have used four-wheel
drive, but rear-drive usage in SUVs has since increased from 10
to 15%to over 25% For the past five years, front drive has
been used in a limted nunber of inported SU/s. Simlarly, front
drive has been rarely used in pickup trucks wiwth the nmain
exception occurring in the early 1980's. Four-wheel drive usage
i n pickups has, however, essentially doubled fromabout 12 to 20%
in 1975 to 1977 to about 35 to 40%the past four years.

Two i nmportant changes in transm ssion design have occurred:
the addition of a gear for both automatic and manual trans-
m ssions and, for the automatics, conversion to |ockup (L3, L4,
or L5) torque converter transm ssions. Figures 41 to 44 indicate
that the L4 transmission is currently the predom nant trans-
m ssion type for cars, vans, SUVs, and pickup trucks. \ere
manual transm ssions are used, the 5-speed (Mb) transm ssion now
predom nates. The increasing trend in ton-npg discussed earlier
can be attributed to better vehicle design, 1ncluding nore
efficient engines, better transm ssion design, and better and
better matching of the engine and transm ssion.

33



Front, Rear and Four Wheel Drive Usage
Vans

Front, Rear and Four Wheel Drive Usage
Cars

R S R SRR

sl
St

1995 2000

1990

Model Year

Pickups

1985

TS
R

1980

EFront

Sales Fraction

Sales Fraction

100%
80%

1975
Figure 38

Front, Rear and Four Wheel Drive Usage

asl

2000

1975
Figure 37
0%

] B sy O (o)) s . 53]
R s BRI :
Rl - sl o | P SRR
R s SRR
el 0 ey SRR 3
Bl BRI :
B A R )
R s SRR :
L R ] [2] i 8
B Bl i SRR %
R B R SRR %
R B i SRR %
] B IS SRR £
] B R I SRR 38
s M T | SRR 3%
N R ] s
I I SRR
B s I O] e
D SRR
R S EEEIEILE, O) SERa
G SRR
R R SRR
B sty = e
B 75 e SRR
L I R R R s
R ] .
R IS R AR R KAK
R R IS AR R s
B ] B R R R s
s —_ s
. ] SRR
s Ml R R R R
B sy R
B I ! SRR
R s il o I g
B el () SRR
B s .
R s Oy @© s
A R I R
ot M B () e SRR
L B B R RS
e R s SRR
L R R I > SRR
R A SRR
R SRR
R I — SRR
R s SRR
R s [ SRR
R s SRR
s B R K — SRR
R 55 R R SRR ©° R
R R I 10 R
s RS SRR
R R SR o > SRR
S R S EEEEESEEEEEIEEA O SRR
s R BRI L
R R S > (7] i
R R EEEEEEEEEIILE, O) R
R s SRR
R SIS SRR
R R A R
R R R R
R s R SRR
R I SRR
s S SRR
R ] SR
[ R R sy s C i
R s s SRR
O [ S O [
s B R RS SRR
BRI 5 s c SRR
Pral SRR R s 2 el B S
P S iss SIS O [ P
O frpm sl @ O i
: S SRR
& R SRR =
@ B S5 O — @© pi
— - s ] i - £
] © S R R ] o
& S8 s
S S () R [J] p
0 e o) pEE
& < s S X < W
3 o5 SRR
5l mm ﬁwg < Sl mm ﬁwg mm
N b +— ) [ - - e
X
o o
— o

100%
80%
100%

Model Year

igure 40

F

34

1995

1990

Model Year

1985

1980

1975
igure 39

F



on

Sales Fract

ission
Vans

Transm

on

Sales Fract

ission
Cars

Transm
Sales Fraction

2

X
3

55
5

s

%

X

D%
e
%

ission

S

s

&

£
5

i

&
£
o5

B B s
s

SRS
I

&
=%
R
55
55
5

o2

SRS
S

SR
RIS

|
_.__~______ )

R R SIS BB
R R R R R KRR R KRS, i 5 < brd
RS ) ] Q
R R e ) S
e 2
st s R R R R nocooss [ | —
B3] oo BSRa L T
s s I W s 1
e A A A A |
A A
R ey > —_
R A st I |
Soonnmmmmmnnnay 8 o X
R R e Oy O [&]

IS

Transm

Sales Fraction
Sales Fraction

< 5
3
s S S  R 53
R R ] 555 5
R R ] 32
sy < 5
| ] 3
S5 5 5% 5
q < S5
<t s
e ___. R S
S SEBEEEIELLT O b s
R RS
S ~ s
S 2l W] <

Figure

S
]

2%

o
%
555
o]

SRR

0
S5

]

e

s

5
55
5
sl

%
%
X

on

%
R

T
Sales Fract
SUVs

Model Year

335

oo
555
i

S
55
S
35

IS

2

Ission

Transm
Sales Fraction

T

o
SRS
R

5
5

] 2K
K
&

BRI
R

5

55
5
55

s
%

I

3
M

T T T T
X X X X X
1<) <) ) <) S
S] o ) < «

&K
&K

1979 1982 1985 1988 1991 1994 1997 2000

s
B
SRR
L
S

e
s
RS
e ooy
S
st
SRR

fetet

1978 1981 1984 1987 1990 1993 1996 1999

Figure 41

0%

Model Year

1979 1982 1985 1988 1991 1994 1997 2000
44

Model Year
Figure
35

43

Figure



Manual transm ssion usage peaked slightly above 30% for cars
in 1980 and has been bel ow 15% si nce 1996. Vans have not used
manual transm ssion for five years, conpared to a usage rate of
20 to 25% two decades ago. Simlarly, manual transm ssion usage
for SUVs has dropped from above 40%in 1975 to |l ess than 10%t he
past three years. Manual transm ssion usage for pickups peaked
at nearly 60%in 1987 and is now bel ow 25%

Powertrains are matched to the | oad better when the engine
operates closer to its best efficiency point nore of the tine.
For many conventional engines, this point is approximately 2000
RPM and 2/3 of the maximumtorque at that speed. One way to nmake
the engine operate nore closely to its best efficiency point is
to increase the nunber of gears in the transm ssion and, for
automati c transm ssions, using a | ockup torque converter.

Figure 45 indicates that, for cars, ton-npg inproves when nore
transm ssion gears are added and | ockup torque converters used.
Typically, ton-npg inproves by about 10%w th the addition of a
gear and a | ockup torque converter. Use of the L5 transm ssion,
which in cars achi eves about the sanme ton-npg as the Mo does, is
begi nning to increase and i s approachi ng 10% of the market.

Car Ton-MPG

By Transmission and Number of Gears

Ton-MPG
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Tabl e 10 conpares the inprovenment in ton-npg by transm ssion
and vehicle type that occurred between 1988, the peak year for
passenger car fuel econony, and this year. For every strata for
whi ch the equival ent vehicle type used the sanme transm ssion type
in both years shown in the table, ton-npg will be higher this
year, than it was in 1988. In addition, usage of L5
transm ssi ons has been increasing in recent years, particularly
for cars and SUVs. For nodel year 2000, cars and SUVs equi pped
with L5 transmissions will achieve about the sane ton-npg as
t heir Mb-equi pped counterparts. Simlarly, for all four vehicle
types, My2000 vehicles with L4 transm ssions achi eve the sane or
gegter ton-npg this year than any of the correspondi ng vehicles

idin 1988.

Table 10 |Inprovenent in Ton-npg by Transm ssion and Vehicle Type

Car Van SWv Pi ckup
Tr ans 2000 1988 2000 1988 2000 1988 2000 1988
VB -- -- -- -- -- 40 -- 40
M -- 44 -- 40 -- 45 -- 39
Vb 49 45 -- 45 43 39 46 42
A3 42 40 -- 41 -- 35 -- 38
Ad 45 40 -- -- -- 35 39 39
L3 45 43 48 44 38 40 -- 37
L4 48 45 49 43 45 40 45 40
L5 48 -- -- -- 45 -- 40 --

Figures 46 to 49 conpare the trends since 1975 for
hor sepower (HP), displacenent (CI D), and specific power or
hor sepower per cubic inch (HP/CID) for passenger cars, vans,
SWs, and pickups. In all four cases, significant C D reductions
occurred in the late 1970's and early 1980's. Since 1985,
however, engi ne displacenent has continued to decrease for cars
and vans, but not for SUVs and pickups. For all four vehicle
types, average horsepower has increased substantially (i.e., 40
to 80% since 1981. Light-duty vehicle engines, thus, have al so
inmproved in HP/CID, with engines used in passenger cars inproving
at a faster rate than truck engines. |In fact, for the past two
years, car engi nes have averaged at least 1.0 HP/CID, conpared to
0h85, 0.79, and 0.84, respectively, for vans, SUVs, and pickups
this year.
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As shown in Table 11, for nodel year 2000 dependi ng on the
vehi cl e type, truck engi nes average about 10 to 20% nore
hor sepower but require 33 to 60% greater displacenent, conpared
to the average passenger car engi ne because of the differences in
specific power.

Table 11 MY2000 Engi ne Characteristics by Vehicle Type

Vehi cl e HP cl D HP/  Percent
Type CID 4 Vvalve
Car 169 167 1.03 60%
Van 185 222 .85 20%
SW 200 245 . 84 25%
Pi ckup 207 265 .79 11%

Figures 50 to 53 show cubic-inch displacenent (CID) by
nunber of cylinders for cars, vans, SUVs, and pickup trucks. For
all four vehicle types, displacenent of eight-cylinder engines
decreased in the late 1970's. For exanple, eight-cylinder car
engi ne CI D decreased about 20% between 1975 and 1985, i.e., from
376 to 296 CD. Simlarly, six-cylinder car engines decreased
from225 CIDin 1975 to 200 in 1986 and 192 this year.
Conversely, four-cylinder passenger engi ne displacenent increased
from112 CDin 1975 to 120 CDin 1985 and to 124 CID this year.
The trend in CID for four- and six-cylinder engines used in vans
is very simlar to that for cars. |In both cases, CID for six-
cylinder engines has decreased while that for four-cylinder
engi nes has increased froma nomnal 110 CID to about 125 ClD.

The CID trend for six-cylinder engines used in SUVs and
pi ckups shows a significant decrease in the early 1980's when
conparatively small (i.e., 3-liter) V-6 engines achieved a
relatively high sales fraction. Since then, C D for six-cylinder
engi nes used in both vehicle types has increased but is stil
below what it was in the late 1970's. Four-cylinder engines used
in pickups show an increasing trend in CIDsimlar to that for
cars.

Figures 54 to 57 indicate that horsepower has increased

substantially for four-, six-, and eight-cylinder engines for al
four vehicle types. As shown in Table 12, eight-cylinder car
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engi nes, for exanple, now attain 253 HP, conpared to 164 HP in
1988. This represents an increase of over 50% For all vehicle
types, four-cylinder engines have hi gher horsepower this year

t han the equival ent six-cylinder engines did through the 1980's.
Simlarly, in all four cases, this year’s six-cylinder engines
have hi gher horsepower than conparabl e ei ght-cylinder engi nes
through the late 1980 s.

Tabl e 12 conpares CID, HP, and HP/CID by vehicle type and
nunber of cylinders for nodel years 1988 and 2000. Since 1988,
changes in engine size have been relatively snmall for all strata
shown in the table, particularly when conpared to the changes in
hor sepower that have taken place with specific power inprovenents
related to the use of port fuel injection and nmultival ve engines
accounting for the difference. Four-cylinder engines used in
cars, vans, and SUVs have exceeded the one HP per CID | evel for
several years, but the sane cannot be said of pickup trucks.

At the nunber-of-cylinders |evel of stratification, nodel
year 2000 cars achi eve higher specific power than SUVs, vans, and
pi ckup trucks with one m nor exception: four-cylinder SUVs.
Simlarly, this year’s pickup truck engi nes achi eve | ower
specific power than thelir counterparts used in vans, SUVs, and
cars.

Table 12 | mprovenent in Horsepower and Specific Power
by Vehicle Type and Nunber of Cylinders

Vehi cl e cl D CID Percent HP HP Percent HP/CID HP/ Cl D Percent
Type Cyl. 1988 2000 Change 1988 2000 Change 1988 2000 Change
Car 4 118 124 5% 95 132 39% .805 1.071 33%
6 193 192 -1% 142 192 35% . 744 1.018 37%
8 301 280 -7% 164 253 54% . 544 . 907 67%
Van 4 145 148 2% 98 150 53% .678 1.014 50%
6 213 214 0% 149 181 21% . 722 . 856 19%
8 322 325 1% 168 240 43% . 520 . 742 43%
SWw 4 122 130 7% 94 138 47% .773 1.073 39%
6 211 233 10% 147 188 28% . 706 . 819 16%
8 338 313 -7% 183 244 33% . 541 . 783 45%
Pickup 4 142 144 1% 97 128 32% . 685 . 894 31%
6 229 231 1% 142 177 25% . 644 772 20%
8 329 316 -4% 180 244 36% . 544 . 775 42%
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Figures 58 to 61 conpare sales fractions by four-, six- and
ei ght -cyl i nder engines for cars, vans, SUVs, and pickup trucks.
For purposes of this analysis, two-, three-, five-, ten-, and
twel ve-cyl i nder car engines are conbined into a category | abel ed
‘other.” Even on a conbined basis, these ‘other’ engines have
accounted for a very small percentage of the vehicles built each
year since 1975.

The sales fraction for eight-cylinder engines has dropped
for cars fromnearly 60%in 1975, to about 20%in 1981, to about
the 10% | evel in 1990 where it has remained. During the m d-
1980's, simlar decreases in eight-cylinder engi ne usage occurred
for van, SUV, and pickup truck engines. Since then, eight-
cylinder engine usage in vans continued to decrease, but
i ncreases have occurred for SUVs and pi ckups which have increased
their usage of eight-cylinder engines fromabout 20%in 1987 to
over 50%this year. In addition, four-cylinder engine usage in
vans peﬁked at about 40%in 1985 but has dropped substantially
since then.

The sales fraction of six-cylinder car engi nes renai ned
within a relatively narrow range (i.e., about 18, plus or mnus
2% between 1975 and 1979. Since then, their sales fraction has
nore than doubled and is projected to be above 40%this year.
From 1975 to 1992, a simlar trend occurred for usage of six-
cylinder engines in all three types of truck engines. Since
t hen, however, usage of these engines has continued to increase
for vans, but it has decreased for SUVs and pickups. Six-cylinder
engi nes currently account for about a third, half, and a fourth,
respectively, of this year’s vans, SUVs, and pickups.

Passenger car engi nes have high values of HP per Cl D,
because not only is HP per CID inproving, but also the fraction
of higher specific-power engines Is increasing. Figures 62 to 65
show HP/CID for engines with 2-, 3-, and 4-val ve-per-cylinder
cylinder-head configurations for cars, vans, SUVs, and pickups.
Figures 66 to 69 show t he market share by nunber of val ves per
cylinder by vehicle type.

The use of four valves per cylinder in passenger car engines
grew rapidly between 1987 and 1995, but its rate of growh has
been nmuch sl ower since then. The nmarket share of 4-val ve-per-
cyl i nder passenger car engines has been at about the 60% mark for
the past three years. The introduction and use of four-valve
engi nes for SUVs, vans, and pickup trucks has trailed that of
cars in that order. Al nost 90% of all pickup truck engines stil
have two val ves per cylinder, as do about 80% of the vans and 70%
of the SUVs conpared to 35% of the cars.
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HP/CID by Number of Valves Per Cylinder
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Figure 70 conpares penetration rates for five passenger car
technol ogi es, nanely port fuel injection (Port Fl), front-wheel
drive (FWD), four valves per cylinder (4-Valve) and four- and
five-speed | ockup transm ssions (L4 and L5). This figure
indicates that it nay take a decade for a technology to prove
itself and attain a sales fraction of 40 to 50% and as | ong as
anot her five or ten years to reach maxi mum market penetrati on.
Wth the recent introduction of the L5 transm ssion type, the
sales fraction of L4 transm ssions appears to have reached its
maxi mum and started a declining trend.

A simlar conparison of three technol ogi es whose sal es
fracti on peaked out at about 40%or less is shown in Figure 71.
This figure shows that it nay also take a nunber of years for
t echnol ogi es such as 3-val ve-per-cylinder engi nes (3-valve)
throttle body fuel injection (TBI), and | ockup 3-speed (L3)
transm ssions to reach their maxi mum sales fraction, and even
fhen use of these technol ogies may continue for a decade or

onger.
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V. Trends by Market Segnent

Figures 72 and 73 show that domestic trucks and Asian cars
have achi eved the |argest growh in both sales and sales fraction
since 1975 with nmuch of this growh com ng at the expense of
donestic cars. Since 1975, the market share of donestic cars
dropped by nearly 40% |In 1975, roughly two-thirds of all 1ight-
duty vehicles were donestic cars, conpared to only a fourth this
year. Half (see Table 13) of the decrease in donestic car sales
fraction occurred between 1975 and 1988. For MY2000, the market
shares of donestic trucks (i.e., vans, SUVs, and pickups
conbi ned) and also inported cars will both exceed that of
donestic cars.

Tabl e 13 Sal es Fraction of 1975, 1998, and 2000 Light-Duty Vehicles

by Market Segnent
Mar ket Share Change From

Sal es (000) Mar ket Share 1975 1975 1988
Mar ket Segnent 1975 1988 2000 1975 1988 2000 To 2000 To 1988 To 2000
Donestic Car 6718 6574 4263 .657 .430 .266 -.391 -. 227 -.164
Eur opean Car 673 675 1204 .066 .044 .075 . 009 -.022 . 031
Asi an Car 846 3487 3166 .083 .228 .198 . 115 . 145 -. 030
Al Cars 8237 10736 8633 .806 .702 .539 -. 267 -.104 -.163
Donesti ¢ Van 455 1077 1128 .045 .070 .070 . 026 . 026 . 000
| nported Van 2 55 342 .000 .004 .021 . 021 . 003 . 018
Al'l Vans 457 1132 1470 .045 .074 .092 . 047 . 029 . 018
Domesti c SW 181 729 2209 .018 .048 .138 . 120 . 030 . 090
| rported SW 6 239 1012 .001 .016 .063 . 063 . 015 . 048
Al SUVs 187 968 3221 .018 .063 .201 . 183 . 045 . 138
Donesti c Pi ckup 1126 1889 2358 110 .124 . 147 . 037 . 013 . 024
| nported Pi ckup 216 569 331 .021 .037 .021 . 000 . 016 -. 017
Al'l Pi ckups 1342 2458 2689 .131 .161 .168 . 037 . 029 . 007
Al Donmestic Trucks 1762 3695 5695 172 242 . 356 . 183 . 069 . 114
Al'l Inported Trucks 224 863 1685 .022 .056 .105 . 083 . 035 . 049
Al'l Trucks 1986 4558 7380 .194 .298 .461 . 267 . 104 . 163

Al Cars & Trucks 10223 15294 16013
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Figure 76 conpares average npg for donestic, European, and Asian
cars. Simlar data for donmestic and inported vans, SUVs, and pickup
trucks is shown in Figures 77 to 79. Asian cars have al ways had
hi gher npg than their donestic counterparts. Through 1985, European
cars had higher npg than donestic ones. Since 1986, however,
donestics have achi eved hi gher npg than European cars. Average car
npg for all three of these car segnents has changed very little since
1990, particularly when conpared to the changes which occurred in the
| ate 1970's and early 1980's. For exanple, Table 14 shows donestic
car npg increased over 12 npg between 1975 and 1988 but has stayed
bet ween 26.6 and 27.4 npg since then.

Fuel econony of European cars increased by 6 npg between 1975 and
1981 when over a third of them had di esel engines and over two-thirds
used manual transm ssions. By 1988, European car use of diesel
engi nes had dropped below 1% and their manual transm ssion usage
decreased by over 25% Since 1988, European car fuel econony has
ranged from24.6 to 26.7 npg. Asian cars have always had hi gher fuel
econony than their donestic and European counterparts. Their fuel
econony peaked at 32.9 npg in 1986 and has renai ned at about 30 npg
si nce 1990.
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Tabl e 14 Fuel Econony of MYy1975, My1988, and My2000
Li ght-Duty Vehicles by Market Segnent

Percent Change From

Aver age Mg

Mar ket Segnent 1975 1975 1988

1975 1988 2000 To 2000 To 1988 To 2000
Donesti c Car 14.7 27.1 27.3 85.7% 84.4% 0.7%
Eur opean Car 23.0 25.5 26.5 15.2% 10. 9% 3. 9%
Asi an Car 23.4 32.7 29.9 27.8% 39.7% -8.6%
Al Cars 15.8 28.6 28.1 77.8% 81.0% -1.7%
Donesti ¢ Van 13.1 21.0 22.2 69.5% 61.8% 10.5%
| rported Van 20.6 24.5 23.6 14.6% 18.9% -3.7%
Al Vans 13.1 21.2 22.5 71.8% 61.8% 6. 1%
Donesti c SW 13.0 19.7 19.1 46.9% 51.5% -3.0%
| nported SW 12.0 22.9 22.2 85.0% 90.8% -3.1%
Al SUVs 13.0 20.4 20.0 53.8% 56.9% -2.0%
Donesti ¢ Pi ckup 13.1 20.5 19.8 51.1% 56.5% -3.4%
| rported Pi ckup 22.1 25.5 22.3 .9% 15.4% -12.5%
Al Pickups 14.0 21.5 20.1 43.6% 53.6% -6.5%
Donesti c Truck 13.1 20.5 19.9 51.9% 56.5% -2.9%
| rported Truck 21.6 24.7 22.5 4.2% 14.4% -8.9%
Al l Trucks 13.7 21.2 20.5 49.6% 54.7% -3.3%
Al Cars & Trucks 15.3 25.9 24.0 56.9% 69.3% -7.3%

The fuel econony trends for donestic vans, SWs, and pickups
are simlar to that for donestic cars with fuel econony for al
three of these market segnments inproving by 50 to 60% bet ween
1975 and 1988 and changing relatively little since then. Since
1988, donmestic vans have ranged from21.0 to 22.7 npg, donestic
SWs from19.0 to 20.2 npg, and donestic pickups from19.6 to
20.9 npg. Donmestic vans, SUVs, and pickups have al ways had | ower
fuel econony than their inported counterparts. |nported vans,
SWs, and pickups all increased their fuel econony between 1975
and the md 1980's but are | ower now than they were then.
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As shown in Figure 80, the gap between inported and donestic
conbi ned car and truck npg has remai ned at about 5 or 6 npg,
conpared to a nuch larger difference in 1974. On a conbi ned car
and truck basis, fuel econony for both donestic and inported
vehi cl es has been declining since the m d-1980's.

Figure 81 conpares interior volunme for donmestic, European
and Asian cars. Through 1980, interior volume for European cars
remai ned below 90 cu. ft.; between then and 1989, it increased
over 16%to about 105 cu. ft. where it has essentially remained.
Asian cars, with just a couple of m nor exceptions, have
increased their interior volune every year since 1978. By
conparison, donestic car interior volume has been rel atively
stable, as has the overall average for all passenger cars.

Vehi cl e performance, as neasured by estimated 0-to-60
acceleration tinme, has changed at remarkably consistent rates for
donestic, European, and Asian cars and also for both domestic and
i nported vans, pickups, and SUVs (see Figures 82 to 85). There
is one exception: through 1983, inported vans had 0-to-60 tines
above 20 seconds conpared to a nom nal 15 seconds for the other
vehicl e types. This exception can be considered m nor because a
conbi ned total of |ess than 75,000 inported vans were sold for
all years between 1975 and 1983.
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Figures 86 to 89 and Table 15 conpare inertia weight for the
sanme market segnents as the preceding figures. Inertia weight
for donestic, European, and Asian cars has now converged. In
1975, donestic cars were nore that 1800 pounds |ighter than Asian
ones. Inertia weight for donestic cars dropped over a thousand
pounds between 1975 and 1984 but has i ncreased by about 200
pounds since then. Conversely, inertia weight of European cars
I ncreased by over 350 pounds (i.e., from about 2700 to 3070
pounds) between 1975 and 1985 and by about another 500 pounds
since then. Inertia weight for Asian cars renmained at a nom nal
2500 pounds through the early 1980's but has since increased to
over 3200 pounds.

Inertia weight for domestic vans has renmai ned between a
nom nal 4100 to 4400 pounds, but inertia weight for inported vans
whi ch once were nearly 700 to 800 pounds |ighter than donestic
vans has increased, so that the two segnents differ in inertia
wei ght by |l ess than 200 pounds. Donestic and inported SUVs and
pi ckups all have increased their inertia weight, particularly
since the md 1980's, but the donestics continue to be 500 to 600
pounds heavier than their inported counterparts.

The trend toward increasing ton-npg, discussed earlier,
persists for all of the market segnments shown in Figures 90 to
93. Donestic, European, and Asian cars not only have had simlar
ton-npg trends but al so the sanme approxi mate ton-npg val ues over
a relatively long period of tine. The sane observations apply to
donmestic and inported vans, SUVs, and pickups.

Tabl e 15 Inertia Weight of Light-Duty Vehicles
by Market Segnent for Six Moddel Years
Model Year

Mar ket Segment 1975 1980 1985 1990 1995 2000
Donesti c Car 4380 3341 3246 3359 3368 3466
Eur opean Car 2704 2574 3070 3360 3605 3541
Asi an Car 2575 2482 2585 2879 3041 3221
Donesti c Van 4189 4404 4061 4113 4138 4366
| nported Van 3498 3618 3270 3826 3932 4192
Donestic SUWV 4209 4277 4055 4189 4353 4619
| mported SUWV 4000 2760 3468 3744 4008 4099
Donesti c Pi ckup 4241 4312 3870 4150 4327 4540
| mported Pi ckup 2819 2817 3067 3228 3415 3915
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The trend toward hi gher specific power (HP/CID), also
di scussed earlier, persists for the market segnents shown in
Figures 94 to 97. The inprovenment of specific power for donestic
vehicl es has always trailed that of their inport counterparts by
about a decade. European and Asian cars now achieve nore than 1.1
HP/ CI D conpared to .94 for the donestics. Simlarly, inported
SUWs will achieve nore than 1.0 HP/CID this year conpared to |ess
than 0.8 for the donmestics. |Inported vans currently have hi gher
specific power than domestic cars, but specific power for
donmestic cars exceeds that for inported pickups.

Tabl e 16 conpares technol ogy usage for MY2000 for donestic,
Eur opean, and Asian cars and donestic and inported vans, SUVs,
and pickups. The trend noted above towards hi gher specific power
for European and Asian cars and inported trucks is consistent
with their greater use of four-val ve-per-cylinder engines than
t he donestics. About 90% of donestic and Asian cars use front-
wheel drive conpared to about half of the European ones.
Eur opean and Asian cars nake greater use of nanual transm ssions
than their donmestic counterparts, as do inported SUVs and
pi ckups.

Tabl e 16 Techni cal Characteristics of My 2000 Light-Duty Vehicles
By Mar ket Segment

<--- Engine -—> <- Percent of vehicles with: ->
Mar ket Segnent HP CID HP/ QD Four Front 4 \Weel Manual
Valve Drive Drive Trans
Donesti c Car 176 190 . 942 34% 86% 0% 9%
Eur opean Car 184 162 1.139 50% 54% 10% 23%
Asi an Car 155 138 1.119 98% 94% 4% 17%
Donesti ¢ Van 184 230 . 810 3% 68% 5% 0%
| nported Van 188 193 . 979 78% 100% 0% 0%
Donmesti ¢ SW 211 277 . 764 2% 0% 74% 5%
| nported SW 173 176 1.006 76% 5% 67% 18%
Donesti c Pi ckup 212 276 . 775 0% 0% 37% 17%
| rported Pi ckup 173 190 . 918 86% 0% 39% 49%
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VI. Fuel Econony | nprovenent

As previously discussed (see Table 1 and Figure 1), the fuel
econony of the conbined car and truck fleet has been declining
for the past dozen years, despite the fact that both car and
|l ight-truck fuel econony, when consi dered separately, have been
relatively stable. Since 1988, vehicle attributes such as
accel eration performance, weight, and utility have been nuch
hi gher consuner priorities than fuel econony. Because fuel
prices have been increasing and because of 1 ncreasing scientific
concern over global warmi ng, interest in inproving fuel econony
has been increasing. Accordingly, it is relevant to “m ne” what
potential exists for inproving fuel econony. There are, of
course, a nunber of different hypothetical approaches that can be
used to do this. Several basic ones are used In this report.

One sinple approach is to consider recent public conmtnents
by individual vehicle manufacturers as indicative of what could
be achieved by the fleet as a whole. For exanple, Ford Mot or
Conpany recently announced their intention to inprove the average
fuel econony of its SUVs by 25% by nodel year 2005. For nodel
year 2000, Ford’s SUVs are estimated to average about 18 npg.
Ford has al so stated that about 70% of their inprovenment in fue
econony will conme fromtechnol ogy such as nore efficient
powertrains (i.e., engines and transm ssions), aerodynam cs, and
wei ght reductions, and that about 30% of the inprovenment wll
cone fromsales of smaller vehicles such as the Escape which is
schedul ed to be introduced in nodel year 2001. Ford thus needs
to increase the fuel econony of its SUVs by slightly |less than
five npg (i.e., to about 23 npg) by 2005 to neet its stated fuel
econony i nprovenent objective.

Simlarly, General Mtors has stated that their |ight trucks
currently average about 4% hi gher fuel econony than Ford' s, and
they have stated that they intend to remain the |eader in |ight
truck fuel econony in five years. For nodel year 2000, Ceneral
Motors’ SUVs are estimated to average roughly 19 npg. For
CGeneral Mdtors to have higher average fuel econony than Ford in
the SUV mar ket segnent, their SUVs, by 2005, will have to average
slightly nore than 23 npg.

General Mdtors and Ford account for slightly less than half

of this year’s SUVs. I|f both of these manufacturers increase
their average SUWV fuel econony by at least 25% it is possible
their conpetitors will match the fuel econony inprovenents nade

by Ford and General Mdtors and simlarly increase their SuUV fuel
econony by 25%
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The second scenario in Figure 98 shows what coul d happen if
all light-duty vehicle manufacturers voluntarily increased the
average fuel econonmy of all of their light vehicles (i.e., all of
their cars, vans, SUVs, and pickups) by 25% by 2005. Under this
scenari o, cars would average 35.1 npg, trucks 25.6, and both cars
and trucks 30.0. This scenario, like the first one, considers
just vehicles under 8500 GYW and assunes the sales fraction for
all vehicle types remai ns unchanged. Wile all of these fuel
econony val ues are higher than any achi eved between 1975 and this
year, the objective of inproving fuel econony by 25%in five
years is substantially | ess than what has been achi eved
previously. For exanple, between 1975 and 1980 the fuel econony
of cars increased by nearly 50% and that of trucks by about 35%

A second approach for determ ning what potential exists for
i mprovi ng fuel econony is “best in class” anal ysis which involves
dividing the fleet of vehicles into classes, selecting a set of
representative “role nodel” vehicles fromeach class, and then
cal cul ating the average characteristics of the resultant fleet
Ffing the sane relative sales proportions as in the baseline
eet .

In the discussion which follows, four best-in-class anal yses
are made using four different procedures to select the role
nodel s. Three of these selection procedures use the EPA Car Size
Cl asses (which for cars are the sane as those used for the
EPA/ DCE Fuel Econony Guide) and the truck type/size classes
described previously in this report. Note that this
classification systemincludes nine car and nine truck cl asses
and, for nodel year 2000, two of these eighteen classes are not
represented (Large Wagons and Small Vans). The fourth best-in-
cl ass rol e nodel selection procedure is based on using the
vehicle inertia weight classes used for EPA's em ssion
certification process.

The advant age of using and anal yzing data fromthe best-in-
size class nethods is that if the sales proportions of each cl ass
are held constant, the sales distribution of the resultant fl eet
by vehicle type and size does not change. Simlarly, there also
is an advantage in using the inertia weight classes to determ ne
the role nodels, since if the sales proportions in each inertia
wei ght class are held constant, the sales distribution of the
resultant fleet by weight does not change.
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One relatively sinple way of selecting the role nodels uses
an historic approach and involves an analysis of all vehicles
produced between 1975 and 2000. This nethod invol ves determ ning
for each of the truck size classes (see Appendi x E) and EPA Car
Si ze O asses (see Appendi x F) which nodel year had the hi ghest
fuel econony and then using as role nodels all of the vehicles in
each such size class. For exanple, as shown in Table 17, the
hi ghest fuel econony for Two-Seaters was achieved in 1991 when
they averaged 29.0 npg, or 3.9 npg nore than this year’s Two-
Seaters, so all 1991 Two-Seaters are used as role nodels as are
all of the 1985 M ni conpacts, etc.

The relative sales proportions of each class were then
adj usted so that each role nodel retained its original sale
fraction within its class, but the sales fractions for each cl ass
were proportioned to be the sane as for the current nodel year.

Tabl e 17 “Best” Fuel Econony by Model Year
and Vehicle Size C ass

“Best” Year’'s Data Actual MY2000 Data
Vehicle Size Model Sal es 55/ 45 Sal es 55/ 45 D fference
d ass Year (000s) MPG (000s) MPG In 55/45 MPG
Two Seat er 1991 178 29.0 125 25.1 3.9
M ni conpact 1985 73 36.0 44 24.0 12.0
Subconpact 1996 1108 32.9 1345 30.8 2.1
Conpact 1998 2119 30.9 2370 30. 4 0.5
M dsi ze 1998 2970 27.1 2775 27.1 0.0
Lar ge 2000 1648 25. 4 1648 25. 4 0.0
Snal | Wagon 1995 198 33.3 94 28.5 4.8
M dsi ze Wagon 2000 231 27. 4 231 27. 4 0.0
Lar ge Wagon 1996 9 23.2 --- ---- ---
Snal | Van 1993 12 28.2 --- ---- ---
M dsi ze Van 2000 1264 23. 4 1264 23. 4 0.0
Lar ge Van 1997 139 18.6 207 18. 2 0.4
Snal | SWw 1996 120 28.5 376 23.5 5.0
M dsi ze SUV 1999 1793 20.9 1967 20.8 0.1
Lar ge SW 1982 22 18.9 878 17.3 1.6
Snal | Pi ckup 1981 369 28.2 248 23.7 4.5
M dsi ze Pi ckup 1977 66 29.5 677 22.7 6.8
Large Pi ckup 2000 1764 18.9 1764 18.9 0.0
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Tabl e 18 conpares the results for two different best
hi storic class scenarios: one in which the actual sal es vector
for each of the role npbdels is retained and one in which the

sales matrix is adjusted to match the My2000 sales. 1In both
cases, there is sonme, but very limted, npg inprovenent
potential. Using the best year’s actual data results in a

conbi ned car and truck average of 25.1 npg, using the MY2000
sales matrix results in a conbined average of 24.8 npg, conpared
to an actual average of 24.0 npg.

These relatively small increases in npg can be attributed in
part to the fact that four of the 16 active classes achieved
their highest npg this year. There are five cases (M niconpacts,
Smal | Wagons, Small SUVs, Snmall Pickups, and M dsi ze Pi ckups)
where there was a relatively large difference (i.e., 4.5 or nore
npg) between this year’s fuel econony and the hi ghest ever
attained by the class. The total sales for these five cl asses
for MY2000, however, is less than 9% of this year’s total sales.

It is also interesting to note that, with four exceptions,
the peak npg year occurred fairly recently, i.e., since 1992.
One of these exceptions involves Mniconpacts, a size class that
has traditionally had very |low sales. The peak years for two of
the others (nodel year 1981 Small| Pickups and nodel year 1982
Large SUVs) were ones for which a relatively |arge nunber of

Tabl e 18 Results of “Best” Fuel Econony by
Model Year and Vehicle Size Cass Analysis

Tot al Sal es 55/ 45
Sal es Fraction MPG
(000s)
Best Cars 8534 . 606 28.5
Year’s Trucks 5540 . 394 21.2
Dat a Bot h 14083 25.1
Act ual Cars 8632 . 539 28.1
My2000 Trucks 7381 . 461 20.5
Dat a Bot h 16013 24.0
Conbi ne Best
Year’ s Mog Cars 8632 . 539 28.6
and My2000 Tr ucks 7381 . 461 21.5
Sal es M x Bot h 16013 24.8
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di esel engines were used in each class; and the fourth exception
(rmodel year 1977 M dsize Pickups) was for a year in which a | arge
percentage of the vehicles used manual transm ssions.

Appendi x B of this report includes a list sorted by fuel
econony of the vehicle nane plates for nodel year 2000 by vehicle
type and size. A second way of perform ng a best-in-class
analysis is to use as role nodels the four naneplates with the
hi ghest fuel econony in each size class. Under this procedure,
all vehicles in a class with the sanme nanepl ate are included as
role nodels regardl ess of vehicle configuration. Each role node
nanepl ate from each class was assi gned the sanme sal es wei ghting
factor, but the original sales weighting distribution for
different vehicle configurations wthin a given naneplate (e.qg.,
transm ssion type, engine size, and/or drive type) was retained.
The resulting values were used to recal culate the fleet average
val ues using the sane relative proportions in each of the size
cl asses that constitute the fleet.

In cases where two identical vehicles differ by only one
characteristic, but have slightly different naneplates (such as
t he two-wheel drive Chevrol et C1500 and the four-wheel drive
K1500 pickups), both are considered to have the sane nanepl ate.
Conversely, in the cases where technically identical vehicles
with different nanmeplates are used (e.g., the Chevrolet S10
Pi ckup, GMC Sonoma, and |suzu Honbre or the Suzuki Sw ft and
Chegrolet Metro), only one representative vehicle nanepl ate was
used.

The third best-in-class role nodel selection procedure
i nvol ves selecting as role nodels the best dozen vehicles in each
size class with each vehicle configuration considered separately.
Tables L-1 and L-2 in Appendix L give listings of the
representative vehicles used in this nethod. As with the
previ ous procedure, in cases where technically identical vehicles
have different namepl ates, only one representative vehicle was
used. Under this best-in-class nethod, the sales data for each
rol e nodel vehicle in each class was assigned the sane val ue, and
the resulting values were used to re-calculate the fleet val ues
again using the sanme relative proportions in each of the size
cl asses that constitute the fleet.

The fourth best-in-class procedure involves selecting as
rol e nodel s the best dozen vehicles in each weight class. As
wi th the previous nethod, each vehicle configuration was
consi dered separately. (See Tables L-3 and L-4 for |istings of
t he MY2000 vehicles used in this analysis.) It should be noted
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that sonme of the weight classes have | ess than a dozen
representative vehicles. 1In addition, as in the previous two
best-in-class nethods, where technically identical vehicles with
di fferent naneplates are used, only one representative vehicle
was included. As with the two best-in-size class nethods, the
sal es data for each role nodel vehicle in each class was assigned
the sane value, and the resulting values were used to recal cul ate
the fleet values again using the sanme relative proportions in
each of the size classes that constitute the fleet.

Tabl es 19 and 20 conpare, for cars and trucks respectively,
the results of the best-in-class (BIC) analysis with actual
average data for nodel year 2000. Note that for the Size C ass
scenari os, the percentage of vehicles that are small, mdsize, or
| arge are the sane as for the fleet as a whole, and in the Wi ght
Cl ass scenarios, the average weight of the BIC data sets is the
sane as the actual one. Despite the fact that 55% of the cars in
the BI C weight class data set are classified as “Snall,” conpared
to 45%in the entire fleet, average interior volume for cars in
the BI C weight class analysis is only slightly smaller than the
overall average (109 vs. 106 cu. ft.). The small differences in
interior volunme between the Size C ass scenarios and the actual

Tabl e 19 Best in C ass Results

Model Year 2000 Cars
Sel ection Act ual Si ze Si ze Wi ght
Basi s Dat a d ass d ass d ass
Sel ection Al l Best 4 Best 12 Best 12
Criteria Cars Nanepl at es Vehi cl es Vehi cl es
55/ 45 Mpg 28.1 31.4 33.2 31.1
Wi ght 3386 3070 3091 3386
Vol une 109 107 108 106
0O to 60 Tine 10.3 10.8 11.2 11.2
Cl D 167 137 132 135
HP 170 143 138 149
HP/ CI D 1.03 1. 06 1.05 1.11
% Four Val ve 60% 77% 71% 69%
% Front Drive 84% 98% 98% 85%
% Four Wheel Drive 3% 1% 1% 3%
% Manual 14% 23% 53% 51%
% Smal | 46% 46% 46% 55%
% M dsi ze 35% 35% 35% 43%
% Lar ge 19% 19% 19% 2%
% Donestic 49% 29% 37% 26%
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fleet can be attributed to the fact that, within a size class,
there is considerable variation in interior volune (i.e., not al
vehicles in each size class have the sane interior volune.)

Under all of the best-in-class (BIC) scenarios, the vehicles
used for the BIC anal ysis have | ess powerful engines, have sl ower
0-to-60 acceleration tines, are less likely to be donestic, and
are nore likely to be equipped with manual transm ssions than the
entire fleet as a whole. Usage of front- and four-wheel drive is
about the sane for cars in the BIC weight class analysis but not
in the size class where there is about 14% greater use of front-
wheel drive than in the actual fleet. For trucks, however, the
Bl C data set vehicles nake greater use of front-wheel drive.

When the best 12 vehicles in size or weight were used as the role
nodel selection criteria, the truck BIC data sets al so nake
significantly | ess use of four-wheel drive than the actual fleet.

For both cars and trucks, the “Best 12 Vehicles” in Size
Class scenario results in significantly higher fuel econony than
the actual fleet, but the vehicles in these BIC sets are
considerably lighter than their counterparts fromthe other

Tabl e 20 Best in Cl ass Results

Mbdel Year 2000 Trucks
Sel ection Act ual Si ze Si ze Vi ght
Basi s Dat a d ass d ass d ass
Sel ection Al | Best 4 Best 12 Best 12
Criteria Trucks Nanepl at es Vehi cl es Vehi cl es
55/ 45 Mpg 20.5 21.6 22.9 22.2
Wi ght 4432 4252 4036 4432
0O to 60 Tine 11.0 10.9 11.3 11.8
cD 248 220 203 218
HP 200 193 176 183
HP/ Cl D .83 .92 . 89 . 87
% Four Val ve 19% 49% 40% 37%
% Front Drive 16% 22% 23% 28%
% Four \Wheel Drive 46% 46% 15% 27%
% Manual 12% 12% 38% 31%
% Smal | 8% 8% 8% 12%
% M dsi ze 53% 53% 53% 57%
% Lar ge 39% 39% 39% 31%
% Donesti c 77% 47% 58% 65%
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scenarios. Depending on the scenario chosen, for nodel year

2000, cars could have achieved from1l to 18% better fuel econony
than they did. Simlarly, trucks could have achieved from5 to
10% better fuel econony

The best-in-class analysis indicates significant fuel
econony i nprovenent potential, but it should be pointed out that
in all three of the best-in-class scenarios, cars have a
substantially higher fraction of manual transm ssion installation
than in today’'s fleet. Simlarly, trucks have a hi gher manual
transm ssion sales fraction for two of the three best-in-class
truck scenarios. The best-in-class analysis thus provides an
i ndi cation of what could happen if nore efficient transm ssions,
such as the five speed | ockup (L5) or possibly continuously
vari abl e transm ssions (CVTs), becone cost effective to produce
and wi dely accept ed.

A third approach for determ ning potential fuel econony
i nprovenent is to consider the fuel econony inprovenents that
coul d have been achi eved, had new, nore efficient technol ogies
been used to i nprove fuel econony, rather than to inprove
accel eration performance and to 1 ncrease vehicle weight. This
approach invol ves studying the trade-offs that have been nade
bet ween fuel econony, vehicle size or weight, and 0-to-60
accel eration tine.

One way to inprove fuel econony is to reduce vehicle weight.
Figures 99 and 100 show changes in the sales fraction for cars
and trucks that have occurred since 1975. In 1975, about half of
the cars had inertia weights above 4000 pounds, conpared to only
a few percent since 1980. Since 1980, the sales fraction of
several of the lighter inertia weight classes have increased
consi derably, the 3500-pound class in particular. The trend for
trucks is somewhat different, particularly since the late 1980's
where there has been a shift fromthe lighter (i.e., 3500 pounds
and below) inertia weight classes to the heavier ones.

The rel ati onship between wei ght and fuel econony for nodel
year 1975 and nodel year 2000 cars and trucks is shown in Figures
101 and 102, respectively. In all four cases, vehicles with
| i ghter wei ght have hi gher fuel econony (see Appendix G. The
difference between the two |lines on each of these graphs shows
the i mprovenent in fuel econony at constant wei ght that has
occurred since 1975. For exanple, in 1975 cars in the 3000 |b.
inertia weight class averaged 21.4 npg conpared to 30.3 npg this
year with inprovenents in vehicle technol ogy accounting for much
of the difference.
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Sales Fraction by Inertia Weight Class
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MY2000 Car 0 to 60 vs MPG

For Four Inertia Weight Classes
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Figures 103 and 104 show the rel ati onship between fuel
econony and 0-to-60 acceleration tinme. Each data point in these
two graphs represents an average npg for cars and trucks in the
sane inertia weight class with the sane 0-to-60 tinme. The
npg/ per f or mance i nt erdependence was quantified by neans of a
regression anal ysis performed on the EPA databases as descri bed
in reference 20. This yielded sensitivity coefficients on the
order of 0.4, i.e., a 10%increase in 0-to-60 tinme corresponds to
a 4% increase in fuel econony. Using these sensitivities,
average npg data at one 0-to-60 | evel can be adjusted to what
woul d have at a different one.

it

Simlarly, by normalizing either the weight or size
di stribution, a conparison can be nade of what the fuel econony
of each year’s fleet would have been if it had the same wei ght or
size distribution as in a given base year. For conparison
pur poses, two base years were anal yzed: 1981 and 1990. Table 21
shows that this year’s cars get better fuel econony than their
counterparts fromboth baseline years but are significantly
heavi er and have faster 0-to-60 acceleration tinme. This year’s
trucks get about the sane fuel econony as the base |line years and
are al so heavier and have faster 0-to-60 tines.
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Tabl e 21 Fuel Econony, Inertia Wight, and 0-to-60 Tine
For Three Model Years

Vehi cl e Mbdel 55/45 Inertia 0 to 60
Type Year MPG Wei ght Ti me
Cars 1981 25.1 3075 14. 4

1990 27.8 3175 12.1
2000 28. 1 3386 10. 3
Trucks 1981 20.1 3805 14. 6
1990 20.7 4005 12.6
2000 20.5 4432 11.0

Figures 105 to 108 and Tables L-5 and L-6 (Appendix L)
provi de estimates of what the npg of the car and truck fl eet
woul d have been each nodel year if:

(1) the weight m x had been kept the sanme as in each of the
two base years,

(2) the average acceleration tine was kept at the base
year’s acceleration tinme, and

(3) both the weight distribution and average
acceleration tinme were the same as in the base year.

A simlar conparison on the basis of vehicle size and type
is presented in Figures 109 to 112. For those cases (i.e., Smal
Vans and Large Wagons), values fromthe |ast year for which these
vehi cl es were produced was substituted in the anal ysis as
necessary.

Usi ng nodel year 1981 as the baseline, and dependi ng on
whet her tradeoffs are nade on just weight, just vehicle size, or
just accel eration performance, there is potential for inproving
the fuel econonmy of the nodel year 2000 conbi ned car and truck
fleet from24.0 npg to 24.2, 26.7 or 27.3 npg, respectively,
wi t hout introducing any new technologies. Simlarly, again using
nodel year 1981 as the baseline, had there not been tradeoffs in
bot h wei ght and perfornmance, nodel year 2000 cars m ght have
averaged 34.8 npg, trucks 26.0, and the conbined fleet 30.1.
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Effect of Vehicle Size, Type & Acceleration
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The fourth approach for projecting possible future fleetw de
fuel econony inprovenent is to consider the use of a new, highly
advanced, vehicle technology. The nodel year 2000 fleet contains
one such vehicle, and it provides an indicator of even nore
substantial fuel econony I nprovenent potential than any of the
scenari os di scussed above. The Honda I nsight, which was
i ntroduced in nodel year 2000, is the first car on the U. S.
market with a hybrid drivetrain which includes a gasoline-fueled
engine, a battery that is used for traction, a regenerative
braki ng system and an el ectric notor/generator.

Thi s manual transm ssion equi pped two-seater achieves 76.3
npg, conpared to 25.2 npg for the average non-hybrid vehicle in
the two-seater size class. The Honda Insight, thus, is nore than
three tines better in fuel econony than its conventional
counterparts. Since the two-seater size class is not known for
exenpl ary fuel econony, the sane conparison can be nmade of the
Insight to all small cars, which for MY2000 average 30.2 npg.

The Insight, by this conparison, is slightly nore than 2.5 tines
nore efficient than the average small car. The Insight, however,
has a relatively Iight 2000 pound inertia weight. There is,
noreover, only one other nodel year 2000 car with this inertia
weight: a five speed manual transm ssion equi pped Chevrol et
Metro. The Insight achieves roughly 1.6 tinmes the fuel econony
of the Metro.

Based on a |imted anount of fuel econony data, it appears
that hybrid vehicles may have the potential to increase fuel
econony per vehicle by at |east 100% and possibly as nuch as
200% over their conventional counterparts. It should be noted
that it is a substantial technical challenge to attain such high
fuel econony values for the entire fleet and, at the sane tine,
retain all other vehicle performance and utility attributes at
their present |evels.

In addition, the potential for overall fleetw de fuel
econony inprovenent due to hybrid vehicle technology is extrenely
dependent on their penetration rate. Wth a potential per
vehicl e i nprovenent of 100 to 200% hybrids could clearly provide
a significant fleetw de fuel econony I nprovenment, if and when
they begin to penetrate the market significantly. Gven there is
only one hybrid vehicle nowon the U S. nmarket, it is premature
tohp0ftulate a fuel econony inprovenent scenario based on hybrid
vehi cl es.
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As shown in table 22, based on the scenarios di scussed
above, the potential for increasing conbined car and truck fuel
econony ranges from about 5% to about 25% w th the | owest
i nprovenent com ng fromscenario 2 which involves a 25% fue
econony inprovenent in all SUs. The highest inprovenents cone
fromscenarios 3 and 5 which involve voluntarily inproving fuel
econony of all vehicles by 25% and using the 1981 wei ght m x and
accel eration performance, respectively.

Tabl e 22 Summary of Fuel Econony | nprovenent Potenti al
Both Cars
Scenari o Cars Trucks and Trucks
(1) Actual MY2000 Averages 28.1 20.5 24.0
(2) 25% MPG I ncrease for Al SUvVs 28.1 22.5 25.2
(3) 25% MPG Increase for Al Vehicles 35.1 25.6 30.0
(4) 1990 Weight M x and Accel eration 31.1 23.0 26.8
(5) 1981 Weight M x and Accel eration 34.8 26.0 30.1
(6) Best “Historic Year” Size dass 28.6 21.5 24.8
(7) Best 4 Naneplates in Size dass 31.4 21.6 26.0
(8) Best 12 Vehicles in Size d ass 33.2 22.9 27.5
(9) Best 12 Vehicles in Wight d ass 31.1 22.2 26.2
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VII. Concl usions

1. Fuel econony of the overall light-duty fleet has
declined 1.9 npg (i.e., about 7% since reaching a maxi num of
25.9 npg in 1987 and 1988, although during the past decade fuel
econony of both cars and |ight-duty trucks, considered
i ndi vidually, has been relatively stable. This year’s conbi ned
car and truck average value of 24.0 npg is lower than it was at
any tinme since 1980.

2. The share of the market conprised by |ight trucks has
been increasing for over 20 years and now exceeds 46% nore than
double what it was in 1983. Mich of the decline in the overal
| ight-duty fleet fuel econony is due to the sales fraction
increase in light trucks. Mre than half of the light-truck
sales fraction increase can be attributed directly to increases
in the sales fractions of mdsize vans and m dsi ze SUVs.

3. Ton-npg, for the conbined fleet, as a neasure of
efficiency, has increased every year since 1979 and is now nore
t han 33% hi gher than it was then.

4. On a nodel year basis, estimated lifetinme |light-truck
fuel consunption has exceeded that of passenger cars for the past
four years; for My2000, light trucks are projected to consunme 56%
of the total

5. Both cars and light trucks have traded off fuel econony
for increased wei ght and performance. Since 1981, vehicle
inertia weight for cars and trucks has increased by 10 and 16%
respectively. 1In addition, vehicle perfornmance, as determ ned
fromesti mted O-to-60 acceleration tine, has also inproved. Had
MY2000 cars and light trucks had an estimated 0-to-60 tine of
14. 4 seconds and the sanme weight as they did in 1981, they would
have been able to attain over 25% better fuel econony.

6. Using a Best-in-Size-d ass net hodol ogy and conventi onal
vehi cl e technol ogy, the conbi ned passenger car and |ight-truck
fleet has the potential to attain al nost 15% better fuel econony.

7. New technol ogi es used in hybrid vehicles, change the
horizon for fuel econony projections and indicate inprovenents on
the order of 100 to 200% nmay be possible. Recent devel opnents
suggest various potential pathways for possible future fleetw de
fuel econony inprovenents 1 ncluding voluntary commtnents by sone
manuf acturers to i nprove the fuel economy of certain portions of
their fleets by as nuch as 25%
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